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NAME A BATCH HEAT TREATING REQUIREMENT » THERE'S AN 
1) FURNACE FOR THE JOB! 


@ What would it mean to you to know 
what it costs to bring a furnace up to 
heat from a cold start or after an over- 
night shutdown—to hold the furnace 
at working temperature for any given 
length of time—to know definitely your 
cost of fuel consumption per pound of 
metal heat treated—in advance? It 
would mean cost control for one thing, 
and more—it would mean more profit- 
able operation on any batch heating 
or heat treating job. 


And now you can get exactly the 
right furnace for your needs and de- 
termine, in advance, your actual costs 
for every heating and heat treating 
operation. On the basis of definitely 
predetermined performance, you can 
plan production with the same degree 
of accuracy as on a modern machine 
























tool. SC Standard Rated Gas-fired 
furnaces designed for specific heat 
treating operations are built in a wide 
variety of different types, in a large 
range of sizes that experience has 
proved most suitable for all practical 
shop needs. Whether the operation 
requires high or low temperatures, 
large or small oven, forge, pot harden- 
ing, oil tempering, air drawing or melt- 
ing—an SC Standard Rated furnace 
exists to meet yourdemands. SC Rated 
performance curves and operating data 
permit accurate duplication of results 
and determination of your costs in 
advance on every job. 


Your copy of the new SC Standard 
Rated furnace Catalog, just off the 
press, is ready for you. Just request 
it and we'll mail it to you. 


SURFACE COMBUSTION CORPORATION, Toledo, Ohio 
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The Ryerson “Vacation Without a Worry” plan eliminates all thought of delayed, slow or un- 
certain steel deliveries. It also gives you assurance against interrupted shop schedules, fabricating 
delavs and increased production costs. All vou need do is leave the vacation order, “Call Ryerson 
when steel is needed.” Emergency as well as regular requirements will be shipped promptly from 
Ryerson stocks of Certified Quality Steels —steels selected for uniformity and desirable working 
qualities —in short, steels that save shop time, reduce spoilage and lower labor costs. 

Be sure the Ryerson Stock List is handy as a buying reference, and let us help you make 
yours a real vacation without a worry. Joseph rr. Ryerson & Son, Inc. Plants at: Chicago, Mil- 
waukee, St. Louis, Cincinnati, Detroit, Cleveland, Buffalo, Boston. Philadelphia, Jersey City. 
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N A SHORT TIME at Bell Telephone Labora- 

tories, in New York City, was dizzied by 
many remarkable things shown by EarLte Scuv- 
MACHER, research metallurgist. Of the number, 
perhaps a 20-roll mill will be of widest interest. 
This is a small cluster mill with tension take- 
ups and hold-backs for cold rolling thin strip 
Work rolls are driven, but 


absorb only a small per cent of the power; they 


up to 2 in. wide. 


may be 0.30 to 0.15 in. diam- 


Cold rolling 


eter, depending on the thin- 


without ness of strip being rolled, the 
annealing smallest resembling an over- 


sized knitting needle. Top 
and bottom work rolls are each backed up with 
two idling rolls, these in turn by three more, 
and the hold-down pressures imparted by a 
final cluster of four “large” rolls about 14. in. 
diameter, running in needle bearings. To cor- 
rect for spring in the assembly, the work rolls 
are crowned ever so slightly to a circular are 
rising 1.6 mills in a 3-in. span — a matter requir- 
ing utmost accuracy, as indeed do all parts of 
this mill and its drive. It can make a 90° 
reduction in copper in one pass and 50‘; in steel 
just as easily. CHarLes Wau, who looks after 
this instrument of high precision in the Bell 
Laboratory, had samples of gossamer-thin 
metals of many sorts ranging from duralumin 
Work on 


soft metals may start on thicknesses of 0.03); 


through stainless steel to permalloy. 


copper has ended at a little thicker than 0.0001 
in. (which may be compared with 0.00008 in. 
for beaten gold leaf). The thickness is quite 
uniform even though the surface is slightly 
wrinkled. 

The amazing thing is that rolling need not 


be interrupted for annealing. For instance, 


steel strip 0.005 in. thick can be rolled once te 
0.002 in., again to 0.001, and next to 0.0007 — a 
total reduction of 96°C in three passes. What 
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By the Kditor 


are the theoretical reasons for the ability to 
keep on rolling cold strip without intermediate 
heat treatments? The secret of the enormous 
reductions in a single pass lies in the small 
diameter of the work rolls, which are propor 
tioned to the thickness of the strip so as to 


obtain a large angle of pinch. 


( )' T TO Baltimore's pleasant suburb = of 

Catonsville, where Emu. GarHMANN, past 
national treasurer @, has parked his business 
connected with better ingot molds for sounder 
steel. (“Parked” is the correct word to describe 
the surroundings.) We talked about how easy 
it sometimes is to blow a fanfare about a novel 
technique or process, and how silent the press 
may be when the revolutionary idea later fails 
to revolutionize the industry. He cited copper 


stools for ingot molds, greatly touted and expen 


sively purchased not so long 
Direct rolling ago, but now mostly forgot 
not yet ten except for tool steels. 


commercial GEORGE Nauss. chief metal 


lurgist of Crown Cork and 
Seal Co., also told us that the process of rolling 
strip direct from molten metal, featured in the 
trade press three vears ago and the basis of an 
article in an English magazine as late as last 
January, was quickly abandoned due to a vari 
ety of difficulties, among them the deterioration 
of the rolls under molten metal. 
Such ready acceptance of new ideas by 
steel makers is not a part of GATHMANN'S 
remembrances! He said that eight lean vears 
passed before the big-end-up ingot was given a 
trial on real tonnage That was in the War 
when the British were pressing Pittsburgh for 
12-in. shell. 


failed to close up the secondary pipe in thre 


A small reduction, ingot to round, 


killed steel ingot, and it was so easily seen by 


Inspectors ihat no more than 25‘. of the steel 
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would pass. Molds with heavy bases and bot- 
tom walls, casting ingots big-end-up to localize 
the pipe at the top, tripled this yield of sound 
metal, and saved the day for Kitchener. 

P.S.—- Sound ingots with good skin would 

be easy to cast if conditions in the ladle and 
mold were exactly right; unfortunately this con- 
catenation of circumstances never occurs by 
accident — well, hardly ever. 
ATTENDED a meeting of the Metallurgical 
~~ Advisory Committee at the National Bureau 
of Standards, where various members of the 
department under Henry Rawpon reported on 
their projects, leaving the general impression 
that the numerous activities are being well 
handled by quite competent men. The Advisory 
Board did very little advising; probably it 
would be better if the visitors primarily inter- 
ested in corrosion, fatigue, non-ferrous metals, 
and so on could gather in smaller groups in the 
respective laboratories (rather than in a large 
lecture room) to discuss their specialties. 

In such an adjourned meeting, Bit. Swan- 
GER told an interested group of us about the new 

Knoop Indenter for hardness 


A new measurement, developed by two 
micro- men in the optics division: 
indenter CHAUNCEY Perers and FREDERICK 


Knoop. In principle this is a 
refined Vickers hardness machine; the diamond 
indenter instead of being cut to a square based 
pyramid is a pyramid with a rhombus base, and 
apex angles so selected that the indentation is 
a diamond shape about seven times as long as 
it is wide. The long diagonal is measured under 
the microscope, it gives sharper end intersec- 
tions than the short diagonal, less influenced by 
elastic recovery of the material under test. The 
load is from 50 g. to 4 kg., adjustable so that the 
indentation will be about 100 microns long 
(0.004 in.). Indentations as small as 40 microns 
are clearly measurable on hard materials. 
Hardness number is computed from the ratio 
of load to the area of the impression at the sur- 
face of the specimen (the latter being propor- 
tional to the indentations’ major diagonal). 

Small loads and tiny indentations can be 
used, for instance, to measure the hardness of 
individual microconstituents, of thin nitrided 
cases cut normal to the surface, and variation 
of hardness with direction in crystals. Martens- 
ite is 800 hard, nitrided steels 1100, boron car- 
bide (the hardest metallic constituent yet 
measured) 2300. The various minerals num- 


bered 1 to 9 on Moh’s mineralogical scale are 


found to be properly spaced by a progression 
of numbers, but there is a great gap between 
sapphire (No. 9) and diamond (No. 10). The 
latter has been measured at 8300, on a ground 
face. Measurement of the indentation in vari- 
ous engine parts, before and after a test run, 
indicates the wear on such surfaces, almost 


imperceptible otherwise. 


To DETROIT on the crest of a heat wave, but 

fortunately in an air conditioned stream- 
liner, to inspect the new Carboloy factory, itself 
largely air conditioned. In the evening on the 
cool Detroit River, attempting to view the King 
and Queen’s reception in Windsor from. the 
deck of the commodious motor boat belonging 
to Birt CaLkins, staff engineer in the Chrys- 
ler organization, but getting not much closer 
than the booming muzzles of the field guns, 
there to be showered with burnt wadding dur- 
ing the salutes. Returned by sleeper, nol air 
conditioned — evidently the railroad’s means of 
competing (sic) with the D & C night boats. 
"Tis the life of Reilley, the Editor's! 

Van FisHer has made us some fine photo- 
graphs of the essential operations in making 
cemented hard carbides, and we will eventually 

have a pictorial story from this 
New uses model factory. Surprising it is 
for hard 
carbides 


that in 10 years hard carbide has 
grown from a laboratory item to 
an essential commodity warrant- 
ing the construction of a million dollar factory 

and this company is only one of several 
American producers. Watcrer Roppins, Car- 
boloy’s president, said that a ten-fold increase 
in total American consumption in the three 
years prior to 1937, and the growing use for 
wear resistant machine parts, other than for 
tools and dies, convinced his directors that 
ample provision must be made for future 
expansion. Likewise, it is known that Krupp’s 
production in Germany is about 14 times the 
total of all carbide manufactured in the United 
States, not only due to its monopoly in a large 
trade area but to a considerably lower price, 
warranting more generous use in each par- 
ticular application. 

As to only one of the new uses being found 
in America: Deep sea fishermen buy so much 
tackle having hard carbide evelets wherein to 
run their lines that an automatic pill machine 
is pressing them out by the thousand, believe 


it or not. 
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The spectroscope has been used 
for about 10 years in analyzing 
and controlling non-ferrous 
metals, where a 
trace of a deleterious element 


must be avoided, but the rou- 


es pectally 


described, with 


tine analysis of irons and steels, 


ROUTINE SPECTROSCOPIC 


Metal Progress, June 1933, has 


as oullined by F 


awailed the development of a 


source, such as the sparlh here 


quate reproducibility of inten- 
sities can be oblained. 


Roach in methods of developing, fixing 
and drying the photographi 
plates, of reading the line den- 
sities and transposing these 
which ade- readings inlo percentage con 
lent have helped to make the 
much more valuable 


Rapid 


process 


ANALYSIS 


IN FORD MOTOR CO. FOUNDRY 


5 VINCENT 


Department of Physics, University of Michigan 





 gasentbe YEARS have witnessed remarkable 
of the 


properties available in iron and steel castings 


extensions range of the physical 


and a continuous growth of the field of utiliza- 
Of 


these, numerous types are now poured to meet 


tion of new alloy cast irons and cast steels. 


exacting specifications of tensile strength and 
hardness. Since the satisfactory performance 
of the product depends upon the uniformity 
with which the foundry can maintain its pro- 
duction to the specified characteristics, impor- 
tant new problems in control have arisen. 
While affect the 


properties obtained in a casting, perhaps none 


numerous factors may 
is as Important as the chemical composition of 
the alloy from which it is poured; improvements 
in other details can scarcely be expected to yield 
a satisfactory product from a faulty mixture. 


As the limits of tolerance have become nar- 
rower, the necessity has grown for improved 
methods of analytical control to meet ade- 


quately the needs of industry. 

Since casting is usually a continuous rather 
than a batch process, the problem resolves itself 
into a control of the drifts or gradual changes 
in the composition of the melt in the furnace or 
cupola, The principal requirement of a satis- 
factory control system for a modern foundry 
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, Ann Arbor 
involves the three following items: (a) The 


accuracy of the analytical determinations must 


be so good that the uncertainty is much less 
than the permissible variation in content. (b) 


The elapsed time between the pouring of the 
sample and the posting of the analysis must be 
brief; otherwise it is an inspection rather than 
a control. (c) The cost per analysis must be 
small so that samples may be analyzed at fre- 
quent intervals. 

The authors have already demonstrated the 
possibilities of spectrographic analysis in the 
and accurate composition 


rapid, economical 


control of cast iron. In an installation made a 
at the Campbell, Wyant and 


Cannon Foundry Co. of Muskegon, Mich., and 


short time ago 
described in Journal of Applied Physics, 1937, 
page 163, it was shown that the spectrograph 
could furnish analyses with substantially greater 
speed than chemical wet methods could, with a 
resulting improvement in uniformity of product. 

Along these same lines a spectrographic 
laboratory was developed a few months ago for 
the Ford Motor Co., whose outstanding activities 
in the development and improvement of alloy 
casting and continuous pouring technique have 
led to a demand for the closest possible control 
of composition. The number of samples to be 
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Chill Cast Sample From Foundry Melt. Test speci- 
mens are broken from sink head and dispatched 


with instructions to laboratory by pneumatic tube 


handled was to be at least three times as great 
as in the earlier installation in Muskegon, and 
this larger volume of work, together with the 
greater variety of metal types and wider ranges 
of alloy concentration, led to new problems. 
The design, assembly and test of the neces- 
sary equipment was carried on by the Physics 
Department of the University of Michigan, 
through the cooperation of the University’s 
Department of Engineering Research, and the 
installation now to be described is, at the pres- 
ent time, carrying a large part of the routine 
analysis of the foundry metals. 

The process of analysis coniprises the cast- 
ing of suitable samples of the molten alloy, the 
burning of the sample with an electric spark, a 
photographic recording of the spectrum of the 
light produced, the processing of the photo- 
graphic plate, measuring the density of selected 
spectral lines, and interpreting these readings 
into percentages by a calibrated transposing 
machine. 
speed that the analysis of a sample may be 


Operations are carried out at such 


posted within six minutes of the time it is 
received by the laboratory. The individual steps 
of the procedure are discussed below. 

Samples are poured at each of the 26 
cupolas, 20 electric furnaces and three air fur- 
naces of the Ford foundry every hour (or 


oftener if necessary). Work is segregated so 


that one or more of these furnaces are melting 
continually metal for a certain part, say, the 
camshaft. The test specimens are four small 
pins about 0.15 in. diameter, cast in permanent 
steel molds where they chill so rapidly that 
segregation of the components is avoided and 
immediate removal of the cast from the mold 
is possible. Clerks at four stations in the 
foundry list the samples, break off the pins and 
dispatch them (with a notation of the determi- 
nations desired) by pneumatic tube to the spec- 
trographic laboratory. The furthest foundry 
station is 660 yards from the laboratory, but 
specimens arrive in less than 246 min. 

On arrival, two of the test pencils are 
ground to a clean conical point on a small 
grinder and loaded into the spark apparatus 
with a jig as shown in the view opposite. This 
entire panel is contained in a cabinet, the door 
of which is a safety trap which must be closed 
during the operation of the spark; the operator 
is thus protected from the 40,000 volts of the 
spark circuit and from the ultra-violet light 
which might harm his eyes. A circuit diagram 
of the spark source would show that a con- 
denser, charged by a transformer to 40,000 volts, 
is discharged through a circuit containing in 
series a synchronous interrupter, an inductance, 
a resistance and the sample gap. This electrical 
equipment is safely housed in a substantial case 
upon which the spark gap cabinet rests. Water 
cooling coils in the condenser, and heavy con- 
struction throughout, make possible continuous 
operation of the spark source. With jig loading 
of samples as shown, the equipment handles 
one pair per minute. 

The discharge clamps are carried on rails 
attached to glass insulating panels. The rails 
permit easy adjustment, over a small range, of 
the distance between the spark and the spectro- 
graph slit to compensate for the slight variation 
from batch to batch in the sensitivity of the 
photographic plates used. The accuracy and 
speed of operation of this type of spark source, 
which are thought to exceed substantially those 
of other discharge devices available at present, 
enable the laboratory to handle the large volume 
of work reaching it. 

Light arises from the spark discharge cross- 
ing the 0.16-in. gap between the electrode ends. 
This light enters the spectrograph, a Littrow 
type quartz instrument, and its spectrum is 
While as 


many as nine spectra may be recorded on a 


recorded on a photographic plate. 


plate four inches wide, the actual number 
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recorded depends upon the number and nature 
of the samples received. For some of the cast- 
ing processes, the analysis results must be 
returned as soon as possible, while for others, 
a slight delay is of less importance. Numerous 
spectra on a single plate save some photographic 
materials and operator’s time, but extend the 
elapsed time required for results on the early 
samples exposed. In routine operation about 
six spectra are recorded on each plate. Spectra 
from samples where speed is less important are 
recorded first, leaving the last places on the 
plate for rush samples 
which may, and do, 
arrive in the interim. 
The exposed pho- 
tographic plate is then 
processed and dried; 
efforts to make meas- 
urements on wet plates 
have proved uniformly 
unsatisfactory. All such 
processing in the dark 
room is. carried out 
with apparatus devel- 
oped especially for the 
purpose; solutions are 
contained in oscillating 
trays. Using, with some 
modifications, formulae 
mentioned in the litera- 
ture, and special wash- 
ing and drying devices, 
the plates employed in 
the routine work are 
processed and dried in 
about 4 min. Plates 
recently developed by 
one of the photographic 
manufacturers have 


of 3 min.; these should 
make for even greater ——_— 
analytical speed. 

Each of the spectra now recorded on the 
plate contains many of the lines of iron. In 
addition there are lines due to the other metallic 
constituents of the casting, and their blackening 
varies relatively to the iron lines according to 
the amount of the constituent present. With 
increasing chromium content, for example, the 
chromium lines get blacker and blacker. A com- 
parison of the blackness of a chromium line 
with that of an iron line permits one to deter 
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mine the concentration of chromium inthe 
sample being analyzed. 

Readings of the blackening of selected lines 
are made with the microphotometer shown in 
the halftone on page 3s. The instrument is 
a commercial density comparator, remodeled in 
the Physics Instrument Shop at University of 
Michigan to give the required accuracy and 
speed of operation, A selected set of iron lines, 
whose relative intensities are known from prev! 
ous measurements, is read in one of the spectra 


to establish for the whole plate the relationship 





Fixture Holds Two Electrodes A, Properly Spaced and Ready for 
Insertion in Clamps B, B’. Clamps are opened by pressing glass 
been processed and spacer C against springs at that end of pivoted bars D, D hI: 
dried in an elapsed time 


is an air blast nozzle and F the supply pipe. High voltage ts 
impressed by concealed transformers through terminals G, @ 


between blackening and intensity of the inc 
dent light. In each spectrum a reading is then 
made on a chosen line for another element and 
on an iron reference line: this is done for each 
alloying metal whose amount is desired. 
Through the medium of the established 
blackening-versus-intensity relationship, the 
readings are converted to percentage content 
by means ol the transposing apparatus shown 


in the last view. This machine is a sort of slide 





Microphotometer Utilizing Photo-Cells to Compare the Inten- 
Blackening) of Selected Spectral Line for a Given Ele- 
ment With the Intensity of an Adjacent Selected Line of Iron 








rule with scales drawn from readings on stand- 
ard samples of which the composition is accu- 
rately known. Standard samples are read 
several times per day to check the accuracy of 
the scales and provisions are made for minor 
adjustments which are occasionally needed. 

With the aid of the microphotometer and 
transposing equipment, the analysis of a sample 
for five elements is determined and duplicate 
records are written up in 90 sec. Results are 
returned to the foundry clerks by the pneumatic 
tube svstem. On rush samples, results can be 
returned in six minutes after receipt; seldom do 
samples handled in groups fail to be reported 
within 20 min. 

The floor plan of the spectrographic labora- 
tory at Ford’s River Rouge plant is also shown. 
Samples arriving at the pneumatic tube station 
A are received by an operator who grinds the 
tips at the bench B, inserts them in the spark 


apparatus at C and starts the spark. In the 
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darkroom a second operator attends to the 
recording of spectra with the proper exposure, 
order and spacing. He is responsible also for 
the processing and drying of the plate at the 
bench &. The dried plate is delivered to a third 
operator at the microphotometer F. While he 
makes the readings on the blackening of the 
chosen spectral lines, a fourth operator at the 
transposing equipment G reduces the readings 

percentages of the various elements and, by 
pneumatic tube H, returns the results to the first 
operator at A. From here, results are distrib- 
uted by the tube system to the foundry station 
from which the sample originated. 

The reliability of the analysis is of funda- 
mental interest, especially in view of the fact 
that the spectrograph would probably have been 
used earlier by the iron and steel industries if 
sufficient accuracy could have been assured. 
The best information on the reproducibility of 
analysis may be drawn from a series of determi- 
nations on a single sample. Such a series of 
silicon analyses, made on the same sample but 
on different days and on different photographic 
plates by different operators, is shown below. 
The readings were made at the University Labo- 


ratory with apparatus now in use at the plant: 


PLATI Per CENT SILICON 

1272 2.07 2.02 2.02 2.03 2.01 2.03 2.03 2.02 

12750 «—- 2.07 2.07 2.01 2.05 2.02 2.01 2.01 2.00 2.08 
1279 2.04 2.04 2.06 2.01 2.02 2.00 2.05 2.03 2.05 
1281 2.05 2.02 2.02 2.06 2.02 2.06 2.08 2.07 


Slide Rule and Chart for Translating Microphotometer 
Readings Into Percentage of the Element in the Iron 
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Computed from the probability theory, 


the mean error of a single one of these 
determinations has a value of 1.18% of the 
amount present. Errors exceeding 5 of 


the amount present are not anticipated 


(their probability is less than one in 1000). 
Due to its metalloid character and relatively 
high concentration, silicon presents greater 
difficulties for adequate — spectrographi 
analysis than do the metallic alloying con 
the 


copper, Inanganese 


and therefore for 


stituents, analyses 


chromium, and nickel 
vield results at least equally reliable. 
Among the analyses performed at the 
plant, certain specimens have been tested 
for silicon both in the spectrographic and 
in the adjacent routine chemical laboratory. 
the Ford chemical laboratory is outstand- 
ing for excellence in management, equip- 
ment and personnel; errors in its. silicon 
determinations on castings may be expected 
not to exceed five units in the last significant 
place. The following readings were made 
on samples cast in pairs but, in most cases, 
not on the same piece of metal. Each pair 
of readings, therefore, represents an inde- 


pendent check on a new sample; none are 


repeated. They further demonstrate that 
no appreciable error exists through “salt- 
ing” of the electrode holders. 
Check Analyses for Silicon 
SPEcTRO- CHEM SPECTRO- CHEM 
SCOPI ICAI SCOPI ICAI 
1.47 1.45% 2.70 2.02 
1.48 1.45 2.01 2.46 
1.52 1.51 2.49 2.48 
1.57 1.59 2.00 2.17 
1.47 1.50 2.87 2.90 
1.41 1.38 2.77 2.76 
1.51 1.50 2.80) 2.81 
2.06 2.12 0.61 0.56 
2.36 2.41 0.53 0.52 
2.46 2.9 0.62 0.66 
2.29 2.27 0.92 0.95 
2.17 2.09 0.89 0.90 
2.32 2.27 1.00 0.92 
2.19 2.19 0.97 1.03 
In the matter of reproducibility of results, 


when the same test specimen is read a second 
time in the spectrographic laboratory, the fol- 


lowing repeat analyses for silicon are typical: 


ORIGINAI REPEAT ORIGINAI REPEA’ 
ANALYSIS ANALYSIS ANALYSIS ANALYSIS 
1.40 1.41° 2.31% 2.31 
2.94 2.91 2.32 2.34 
2.20 2.20 2.55 2.59 
2.04 1.99 0.65 0.64 
rs ) | 2.34 0.89 0.90 
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Plan of Rooms and Equipment in Spectro 
graphic Laboratory Capable of 
With Crew of Four Men, a Sample of Cast 
Iron for Five Alloying Elements Every 3 Min 


jnalyzing 


Lye made aus 


While further 


required, the range of concentration for which 


extensions may 


the apparatus is now calibrated is as follows: 


Chromium 0.01% to Lo0' copper 0.105 to 
100°), manganese 0.15% to 1.50! nickel 0.00% 
to 2.00% and silicon 0.105 to 4.00. 

he installation of the Ford laboratory was 
completed late in November 1938. Since that 


time, the load has been gradually increased as 
operators have been trained in the technique 
and have become familiar with the instruments. 
The laboratory is now handling over 300 sam- 
ples in a 16-hr. day with two sets of operators; 
further increases are contemplated. 

The handling of analyses for the blast fur 
nace furnishes a concrete example of savings 
The heat 


in a train of ladle cars is held pending receipt 


effected by the more rapid procedure 
of analvsis for silicon and manganese to deter 


mine its destination, whether openhearth shop 


or foundry. The new laboratory saves some 15 
min. demurrage per heat. 
It is anticipated that laboratories of this 


type will find a continually broadening field in 


routine control of composition of tron and steel, 


July, 1939; Page 39 








A NEW FOCUSING 


FOR 


BY R. L. 


Technology, Unive 


= 


| T HAS LONG BEEN KNOWN that the proper 
focusing of metal or other structures with 
objectives of high numerical aperture is of para- 
mount importance in obtaining the best photo- 
micrographs. 
As the 


increases, focusing becomes more sensitive so it 


resolving power of an objective 
is considered good practice to focus images on 
the so-called plain glass slide with a magnifier. 
When the apertures of the diaphragms have 
been reduced and there is not too much light 
coming through the lens system, 
there is considerable advantage in 
using the magnifier for sharp focus- 
ing. This can be done as well, or 
better, by holding the magnifier in 
mid-air but it is tedious to hold it 
there without support and difficult 
to keep it in the plane of the film. 

The focusing device shown in 
the accompanying photograph and 
sketch was devised in the metal- 
lographic laboratories at the Uni- 
versity of Minnesota and has been 
in use since December 1938. _ Its 
use is found to save fatigue to the 
microscopist, and to be more exact 
and considerably faster than the 
old method. 

One important advantage in our 
arrangement is that the magnifier 
is always in position. Most such 
work is done in a dimly lighted 
room and with this arrangement 
the microscopist does not have to 
hunt for the focusing glass in sub- 


dued light. 


DOWDELL 





DEVICE 


MICROGRAPHY 


AND C. H. GREEN 


Minnesota Minneapolis 


ity OT t 


’ 


fastened into a piece of plate glass ground on 
the side nearest the lens system, and is always 
focused directly to the plane of the photographic 
film or plate. With this device considerable 
time can be saved because it is always balanced 
so that it hangs in the proper plane and elimi- 
nates the necessity of slipping in a ground glass 
slide to view the complete structural field to be 
photographed. 

Although the focusing magnifier is mounted 


rigidly in the plate glass, the whole combination 


Ground Glass Hangs Freely in Plane of Focus and Car- 


ries a Magnifier to Aid in Focusing for a Sharp Image 














It is where is should be, _— 
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is flexible in the sense that it swings in two 
directions from a pivot suspension. Most micro- 
scopes show a visual field which does not cor- 
respond exactly to the projected field in the 
plane of the plate, making it necessary to shift 
the specimen slightly so that the proper field 
may be photographed. Consequently it is desir- 
able to have a “floating ground glass” rather 
than merely a “floating magnifier”. 

A somewhat similar device was patented by 
A. S. Grant (No. 983,047, Jan. 31, 1911) with the 
idea of holding the magnifier in place, but most 
of the intended advantages were lost in his rigid 
mount, so that the slide and magnifier must be 
removed in order to put in the plate holder. 

The focusing magnifier with the floating 
ground glass is easily assembled by calking with 
lead or some fibrous material. These magnifiers 
are adjustable so they can be focused to the 
exact plane of the film and 
when once adjusted will 
remain so, 

Any microscopist will 
readily see the advantages Sectional Plan 
of a device of this type and 


note that there is far less Plate Holder Is 


‘hance of moving or disturb- 
ch ne fi ing | t | Din 
ing the focus when sliding Divot 
in the plate holder behind 





the are of the spring bumper 
shown in the sketch, which 


automatically pushes the 


device away. | 
The device is of service y 

only with cameras having a A 

vertical back. It is fastened 





to the back frame of the / 
camera by setscrews so it 
can be easily removed when Magnifier 
photographs are not 

required. It can also be 


removed quickly by taking 








off a setscrew at the end of 
the journal or pivot, and the 


journal together with all of 











4 
the hanging parts removed Ground 
as aunit. A vertical adjust- g/ass NY |) 
~~ 
ment might be desirable but N / 
we have not found it neces- N 
i et 
nary because the . operator Swings out 
swings the magnifier in an to Clear 
;, a i plete ho/der 
are having a radius of 51% in. running in 
from one side to the other groove” * 


so as to traverse the ordi- 


nary film. 


Side View of Focusing Device Indi- to runners 
cating Method of Suspension, and 
Showing Spring An 
Bumper to Push Device Aside When 
Placed in Position 
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CASTING STEEL BY 


DURVILLE PROCESS 


BY L. NORTHCOT! 


ldstracted from The Engineer, May 26, 1939, p. 659 


7 STANDARD METHOD of casting steel into an 
ingot mold utilizes a bottom-teeming ladle. 
Chis method results in splashing and turbulence 
of the molten metal in the mold and in the 
injection of oxide and gases, the escape of 
which tends to be hindered by the entry of 
fresh metal and by the solidification of that 
already cast. Less splashing and turbulence 
are believed to occur in the bottom-casting 
process, but at the expense of 
increased complication due 
and the produc 
tion of additional scrap 
different 


method was patented for the 


entirely 


casting of aluminum bronze 
by P. H. G. Durville in order 
to avoid the surtace defects 
to which non-ferrous alloys 


containing aluminum are 











Bellows liable. This is achieved by 
= Fy preventing turbulence. Phe 
mold is connected to the 
y : ladle by means of a trough in 
A such a manner that the lower 
: edge of the ladle, the base of 
; the trough, and the lower side 
i of the mold are in a straight 
line. These units are attached 
©) to trunnions so they can be 
: rotated as shown in the sketch 

: on page 42. 
Development work at 
poring Woolwich Arsenal (summa- 
: rized in Chapter 14 of “The 
Casting of Brass Ingots” by 
i} Reginald Genders and G. L 
Ha Bailey) showed that = an 
View from important advantage of the 
section AA jurville process was the abil 











WM) itv to fill the mold with metal 

at a low superheat, thus 
insuring a reduction in ingot 
porosity and crystal size 


Such low temperatures in 


July, 1939: Page 41 








normal castmg would lead to unsoundness due 
to entrapped air, and to the freezing of the 
metal near the nozzle and stopper in the ladle. 
Exploratory work on the application of the 
Durville process to the casting of small steel 
ingots has now been carried out. 

In this work 60-Ib. ingots, 4.5x4.5 in. cross- 
section, were cast into undressed molds from 
eight heats of medium steel with carbons rang- 
ing from 0.32 to 0.56°°. One contained 2.85% 
nickel and 2.10% 


another contained 0.93° chro 


chromium; 
mium and 1.30% aluminum; 
two others contained 1.25% alu- 
minum (one with normal man- 
ganese, the other with = 1.36' 
manganese); the remaining four 
had normal residuals of O.01 to 
0.05°> aluminum, The steel was 
made in a side blown acid con- 
verter and killed by additions 
of ferromanganese, ferrosilicon 
and aluminum. One Durville 
ingot and one normal ingot were 
cast from each heat. ‘Tempera- 
tures were not measured, but : 
the rotation of the Durville 
mold was delayed for half a 
minute after filling the receiver. 
Ihe direct-cast ingots were 
poured through a cup having a 
l-in. nozzle. Time taken to fill the mold varied 
from 7 to 10 sec., and the rotation of the Dur 
ville mold took an additional 6 see. 

from each ingot an axial slice 45 in. thick 


A sul- 


phur print was obtained and then the macro- 


was cul, one face being the axial face. 


structure developed by deep etching. In these 
small ingots large-scale segregation was almost 
completely absent. Macrostructures and_ sul- 
phur prints clearly show the complete absence 
of columnar structure or “ingotism” in the Dur- 
ville ingots cast at a low superheat, as compared 
with the coarsely columnar crystal structure of 
the others. Microscopical examination of rep- 
resentative samples showed the presence of a 
fair quantity of non-metallic inclusions in all, 
but in every instance there appeared to be fewer 
in the Durville ingots. 

Samplings from the sawdust from the slic- 
ing machines were analyzed for the usual ele- 
ments. The steel cast direct has a slightly lower 
carbon and silicon content than the Durville- 
cast ingots except in the high aluminum alloys; 


it is suggested that the aluminum has prevented 





the formation of iron oxide and thus the oxida- 
tion of carbon and silicon by reaction with FeQ, 
and also that this reaction, even when it does 
take place in the absence of much aluminum, is 
less prone to occur in the Durville process than 
in the direct method, owing to the decreased 
turbulence. 

Tensile test pieces were then cut from the 
axial slices, some parallel to the surface and 
near the surface, some along the axis, and some 

transverse to the axis. 


Durville ingots always 




















gave 2500 to 5000 psi. higher 
values for the proof stress, and 

(with three exceptions in axial 
positions) from 1000 to 10,000 
re = =Siépsi. higher values for ultimate. 
End This is considered to be due, 
. at least in part, to their slightly 
if higher carbon and silicon con- 
==N sents. This difference in com- 
== position does not appear to 
- N have affected the ductility 
=EN adversely, except in the nickel- 
N chromium steel, of which the 





percentage elongation is less 


! 

Volten Vetal Held in Ladle 
Enters Mold Without Splash 
by Gradual Tilting of Device 


than that of the direct-cast 
While values of the 


proof stress were quite con 


ingol. 


stant for all specimens from a 

single ingot, consistently higher 

results were obtained for the ultimate stress 
and elongation with those test pieces cut from 
the outside of the ingot than with those cut 
from the center. This loss is certainly largely 
due to porosity, which was generally more pro- 
nounced in the direct-cast than in the Durville 
cast ingots. As might be expected, the lowest 
values were found for the test pieces cut ver- 
tically from the center of the ingot, since in this 
instance the whole length of the test piece was 
prone to slight sponginess. Similar compari 
sons may be made for heat treated test pieces. 
It was concluded that this process, crigi- 
nally devised for the non-turbulent casting of 
non-ferrous alloys, can be applied with advan- 
tage to the casting of small steel ingots of high 
quality alloy or toolsteels, where freedom from 
segregation and coarse crystal structure, and 
perhaps also a superior surface quality, are 
required. Its principal advantage is the ability 
to cast at a sufliciently low superheat to insure 
a crystal structure which is wholly small and 
equi-axed, thus reducing segregation and 


“ingoltism . ¢S 
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Seventy-five years ago a scten- slructure of steel. However, raled a 10-line notice Years 


tific dilettante, Henry Clifton his 1864 lecture “On Micro after that, in 1887, the lron and 
Sorby, scion of a Sheffield fam- scopical Photographs of Vari Sleel Institute “took as read” 
ily rich in the cutlery trade, ous Kinds of Iron and Steel” and without discussion Sorby's 
turned his skill acquired during was so lightly rated by the first paper “On the Microscop 
15 years of microscopic work British Association for the ieal Structure of lronand Steel 
on rocks to study the inner Advancement of Science that it that contained a micrograph 


METALLOGRAPHY’S 


( YOLORS in autumn leaves and birds’ egys. 
A the spectrum of blood, units of length used 
by ancient craftsmen, cataloging of marine life. 
the structure of rocks and of steel that 
Henry Crirron Sorspy could engage in scientific 
research in such an unrelated assortment of 
subjects and become famed as the founder of 
two important sciences attests the value of 
wealth and leisure combined with scientific 
curiosity and inventiveness. 

Born 1826 to a family connected with the 
Sheflield cutlery industry since the 16th century, 
Sorby was educated at Sheflield Collegiate 
School and by private tutors. He published his 
lirst paper in 1847 at the age of 21, on agricul 
tural chemistry. Two vears later he prepared 
a thin rock section, the first ever examined by 
transmitted light, and thus founded the science 
of petrography. It was in this branch of geology 
that Sorpy was best known, and for which lh 
received numerous honors. 

lhe work on metals which is commemo 
rated by the metallographer’s term “sorbite” was 
a byproduct of his geological studies. Phe 
examination of rocks under the microscope led 
to the study of meteorites; to throw light on the 
origin and nature of meteoric iron, the young 
Englishman resorted to the microscopic exam 
ination of artificial irons and steels. 

Realizing immediately the significance of 
what he found to the steel industry from which 
he derived his fortune, Sorsy set his mother, he: 
butler and maid to work polishing steel samples 

a laborious process in those days. These he 


was able to examine and photograph under the 
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microscope by means of illuminators contrived 
by himself and others, and in 1861 he announced 
his results before a meeting of the British Asso 
ciation for the Advancement of Science Phes 
met the fate so often accorded to new discovet 
ies, however, and all that remains of this 
momentous contribution “On Microscopical 
Photographs of Various Kinds of lron and Steel” 
is the following brief abstract from the Report 
of the British Association for the Advancement 
of Science, 1861, Part 2, page 1SY 

“The author first briefly explained how. se 
tions of iron and steel may be prepared for the 
microscope so as to exhibit their structure to a 
perfection that leaves little or nothing to be desired 


He then exhibited a series of microscopical photo 


graphs taken under his direction by Mr. Cartes 
Hoo we, illustrating the various stages in the manu 
facture of iron and steel, and described the struc 
tures which they present They show variou 
mixtures of iron, of two or three well-defined con 
pounds of iron and carbon, of graphite, and of slag 
and these, being present in different proportions 
and arranged in various manners, give rise to a 
large number and varieties of iron and steel, differ 
ing by well-marked and very striking peculiarities 


of structure.” 

this vear, then, is the 7oth anniversary of 
the first publication or public showing of a 
photomicrograph of a metallic structure 

Some references have been found to a lec 
ture “On a New Method of Illustrating the Struc 
ture of Various Kinds of Steel by Nature 
Printing’, before the annual conversazione of 
the Sheflield Literary and Philosophical Society, 
in February 1864 This had nothing to do with 
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the microscope, but to an invention of Sorpy’s Structure of Steel” is reprinted herewith. In it 


of deep etching a smoothed sample and using it he speaks of “my lecture at the last annual 
as a printing block to record its macrostructure. meeting”, but this is not noted in the Institute’s 
In that same year is a short paper “On the journal. That the whole matter was regarded 
Microscopical Structure of Meteorites” in the somewhat lightly even by the steelmasters of 
Proceedings of the Royal Society of London, the 80°s may be surmised from the fact that the 
Vol. 13, p. 333, which might also be regarded as long paper in 1887 “On the Microscopical Struc- 
a “first”. It would not class as a paper on metal- ture of Iron and Steel” — the first printed pub- 
lography, as he discussed the stony or non- lication of photomicrographs — was “taken as 
metallic meteorites, and compared the minerals read”, that is, passed by without discussion. 
they contained with those in volcanic rocks. Two photomicrographs are reproduced 
While Sorsy’s fame as a geologist, petrog- from the paper of 1887, where they appear as 
rapher and microscopist grew world wide, photographic prints pasted individually into 
nobody seemed much interested in what the each copy of the Journal. This longer paper can 
microscope might be able to tell about the struc- be read with profit, since it shows again how 
ture of man-made metal. More than 20 years excellently this lone investigator understood the 
passed and we suddenly find, in 1886 and 1887, things he was looking at. The materials men- 
two papers in the Journal of the British lron and tioned in the 1886 paper, printed below, and 
Steel Institute, contributed at the request of Dr. called “free iron”, “pearly constituent”, and 
JoHN Percy, then president of the Institute, who “intensely hard compound” are, of course, read- 
in the discussion of the first one stated that he ily recognized as ferrite, pearlite and cementite. 
had “a strong impression that, from a scientific Sorsy died March 9, 1908 at the age of 82, 
point of view, great results were likely to flow first citizen of Sheffield, rich in awards, medals 
from this line of investigations, which might and honorary degrees. While most of these 
possibly admit of valuable application in the honors were in the fields of geology, mineralogy 
manufacture and working of steel” —a_ con- and petrography, the significance of his metal- 
servatively worded statement not likely to dam- lurgical work was recognized in an obituary 
age his reputation as a prophet. published in Nature: “Dr. Sorsy placed in the 
The first article “On the Application of Very hands of metallurgy for all time a new and most 
High Powers to the Study of the Microscopical valuable method of scientific investigation.” 











ON THE APPLICATION OF VERY HIGH POWERS TO THE 
STUDY OF THE MICROSCOPICAL STRUCTURE OF STEEL 


a Beate) eee eb. ees Fe ae ee 


: GH | had studied the microscopical struc- of a quarter or a half the actual magnitude, it 
ture of iron and steel for many years, it was would probably never have been recognised, on 
not until last autumn that | employed what may account of being beyond the resolving power of the 
be called high powers. This was partly because I microscope for fine parallel lines. 

did not see how this could be satisfactorily done, The illumination employed is that contrived 
and partly because it seemed to me unnecessary. many years ago by the late RicHArD Beck, and 
I had found that in almost every case a power of consists of a thin plate of glass adapted above the 
50 linear showed on a smaller scale as much as object-glass, inclined at an angle of 45° to the axis, 
one of 200, and this led me to conclude that I had reflecting light down through the object-glass, 
seen the ultimate structure. Now that the result which acts as its own condenser, and transmits 
is known, it is easy to see that my reasoning was freely enough the light passing back again to form 
false, since a power of 650 linear enables us to see the image in the eye-piece. With this arrangement, 
a structure of an almost entirely new ordgr, and high powers give as good, or even better, illumina- 
of such a character that, if it had been on a scale tion than low. Speaking generally, a power of 650 
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linear is about ten times that previously employed, 
which is, of course, enough to open out a new field 
for research. This great increase has, however, 
shown little or nothing more in the case of malle- 
able iron containing little or no carbon, or in the 
case of the intensely hard constituent of spiegel 
iron, of white refined iron, and of blister steel. It 
has also shown but little more in the case of 
enclosed slags, or of the graphite in cast iron; but 
it has enabled me to see to great perfection crystals 
which are probably silicon, and has thrown a flood 
of light on the nature and character of that con- 
stituent of steel which in my lecture at the last 
annual meeting I described as the pearly com- 
pound. High powers show that it really has a 
structure closely resembling that of pearl, the sur- 
face being marked by fine straight or curved 
parallel lines, due to the presence of alternating 
very thin plates of varying hardness. After only a 
few hours of observation, I felt almost certain that 
these thin plates were iron free from carbon, and 
the intensely hard substance seen so well in blister 
steel; but the facts were so 
extraordinary, and so unlike 
anything I had ever seen or 
heard of in any mineral sub- 
stance, that it was not until 
after several months devoted 
to the careful study of all 
the chief kinds of iron and 
steel that I felt confidence in 
the results. 

The chief facts are best 
seen in the case of an ingot 
of steel of medium temper. 
On fracture, comparatively 
large crystals are visible, 
radiating from the surface 
When a 


micro- 


to the interior. 
properly prepared 
scopical section is viewed 
with a moderate power, it is 
easy to see that, after having 
crystallised out from fusion 
at a high temperature, these crystals break up on 
further cooling into much smaller, as described 
in my lecture. What is now seen with very high 
powers is that these smaller crystals finally split 
up into alternating very thin plates. Taking all 
the facts into consideration, it appears as though 
a Stable compound of iron with a small amount of 
carbon exists at a high temperature, which at a 
lower breaks up into iron combined with a larger 
amount of carbon, and into iron free from it. If 
these two products had not differed so much in 
hardness, or if the alternating plates had been 
considerably thinner, or if definite plates had not 
been formed, such a compound structure would 


never have been suspected. It has probably never 





been specially looked for in other substances, and 
might exist without being visible, even with the 
highest and best magnifying powers 

In those cases where no subsequent segrega 
tion has occurred, these alternating plates are often 
remarkably regular and uniform in thickness; and, 
as far as | am able to judge, the softer plates are 
about double the thickness of the harder. If so, we 
may say that the thickness of the softer plates is 
about 1/40,000 of an inch, and of the thinner 
1/380,000, thus giving well-marked stria_ 160,000 
inch apart. To define even these requires very 
careful adjustment of the object-glass; and con 
sidering all the circumstances of the case, it could 
not be expected that the two bounding edges of the 
thinner hard plates could always be defined, so as 
to show a flat intermediate surface. We are, in 
fact, brought face to face with an optical difficulty, 
depending on the considerable length of waves of 
light compared with the objects under examina 
tion, and are obliged to infer the nature of the very 
finest structure from what is seen when it is some 
what coarser In some 
cases it is easy to trace the 
gradual passage from these 
extremely thin plates up to 
those which are sufliciently 
thick to show clearly thal 
the structure is due to thin 
plates of the hard substance 
between soft iron. No mere 
cleavage would explain all 
the facts, though it ts 
extremely probable that the 
direction of the alternating 
plates was determined by 
the previous” crystalline 
structure. In some cases 
the plates are less well 


marked and the structure 


Bowling Bar-lron, Longitudinal is more granular. 
Section, Vagnified 9 Linear 


To five a good idea ol 
the size of the plates, | 
would refer to what Is seen 
in a longitudinal section of medium steel forged 
from an ingot 3 in. in diameter down to a bar 1 in 
square. When broken, it shows a very fine grain; 
and when a prepared section is examined with a 
moderate power, this grain is seen to be due to crys 
tals often about 1°1000 inch in diameter, which 
are not drawn out or distorted, as they would have 
been if they had existed previously to final cooling 
after hammering, and as they are distorted if the 
steel be hammered at a_ lower’ temperature 
Examined with a power of 690 linear, these crys 
tals only 1/1000 inch diameter are seen to contain 
something like 60 of the alternating plates, and 
even this extremely delicate structure shows little 


or no trace of distortion. Of course it is impossible 
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to separate and analyse such thin plates, and we 
must rely on induction to furnish us with a knowl- 
edge of their nature. My reason for concluding 
that the hard plates contain combined carbon is 
that they are not seen in iron free from carbon; 
they increase in amount with increase of carbon, 
and are seen to the greatest perfection when there 
is a considerable amount in a combined state. 


With an increased amount of carbon, compara- 


tively large more or less solid plate-like crystals of 


the hard compound may be formed before the rest 
ol the steel crystallises, or the excess of it thrown 
olf to the surface of the 
crystals. In partially decar- 
bonised white cast iron the 
thin plates are sufficiently 
thick to show perfectly well 
that the hard plates are con- 
tinuous with portions of the 
original hard white constit- 
uent, and the soft plates 
continuous with the — soft 
malleable iron free from 
carbon produced by decar- 
bonisation. These two sub- 
stances differ very greatly, 
and apparently are perfectly 
stable both at a high and a 
low temperature, whilst the 
facts already described show 


that an intermediate com- 








to give great hardness combined with strength. 
According to this view, the peculiar properties of 
Mushet’s self-hardening steel may be due to the 
presence of tungsten preventing this usual separa- 
tion. That the softening of hardened steel depends 
on a separation of the two constituents seems 
proved by what is easily seen when the heat has 
been maintained for a considerable time. In 
attempting to solve these questions, it is quite clear 
that we shall have to face difficulties depending on 
the comparatively coarse structure of light itself. 
Allowance must also be made for mechanical 
imperfections in my prepa- 

= rations, though, strange to 
say, these do not seem to be 
anything like so important 
as might have been expected. 
The only other point 

to which | need now refer 
is the presence in some 
samples of cast iron. of 
numerous very perfect and 
beautiful crystals of a kind 
invisible with low powers, 
being usually less than 
1 1000 inch in diameter. 
They differ entirely from 
the comparatively large, 
somewhat irregular, plate- 
like crystals of graphite, 


Meteoric Iron, From Taze- though they sometimes 


pound exists at a high tem- well, Magnified 9 Linear occur in them. Some are 








perature, and, under certain 
conditions, easily breaks up 
into a mixture of the other two at a lower. 

The relation of this unstable compound to all 
the different kinds of iron and steel is too complex 
to be described now, but I may say that, when no 
graphite is present, a long-continued moderately 
high temperature may cause the two constituents 
to segregate into comparatively thick and irregular 
plates of the hard compound and aggregations of 
free iron; whereas when graphite is present, the 
combined carbon appears to be set free, crystallis- 
ing out as graphite and leaving free iron. This is 
one of the most important differences between steel 
and cast iron. 

It also seems to me that this remarkable con- 
stituent probably plays the chief part in the hard- 
ening of steel. What I have been able to see with 
high powers shows that when strongly reheated 
the constituents again combine, and when suddenly 
chilled there is no evidence that they separate, 
though it is possible that this may be because the 
particles are too small to be separately defined. 
It, however, seems to me very probable that in the 
hardening process the unstable compound may not 
break up into soft iron and the very hard and 
brittle substance, but may be suddenly fixed, so as 
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a of a beautiful ruby colour, 
and others of peculiar dark 

hue. The usual forms are triangles, rhombs, hex- 
agons, ard complex crosses. All seem to be modi- 
fied conditions of the same substance. I have 
never seen anything like them in bar iron, and they 
are almost, if not quite, absent from good cast 
steel. Though further evidence is needed, yet, tak- 
ing everything into consideration, it seems to me 
most probable that they are two different crystal- 
line modifications of silicon. With high powers, 
some specimens of cast iron are seen to be complex 
mixtures of different substances, analogous to 
natural rock composed of several minerals. Some 
of these substances are quite absent from cast steel, 
which has a comparatively simple constitution. 
It will thus be seen that the use of very high 
magnifying powers opens out a wide field for 
research, and has already placed a number of 
important questions in a new light. As far as | am 
able to judge, all the facts seen in the various kinds 
of iron and steel hitherto examined may be 
explained in accordance with the views here 
described; but the time spent in studying the fun- 
damental questions prevented me from finishing a 
comprehensive illustrated memoir, already in large 
part written before using very high powers. 
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METALLURGY AT 


Pre’ 


HAS NEW QUARTERS 


BY G. R 


T HE metallurgical engineering department at 
the University of Pittsburgh graduated its 
first class some 30 years ago. 

Situated in the heart of the steel industry, 
this school has all the natural advantages of 
location. The obvious duty of such a depart- 
ment which draws its student body from this 
area is primarily that of fitting students for the 
steel industry. A recent survey indicated that 


about 95° of the graduates have entered the 


Entrance to State Hall, University of Pittsburgh, the New 
Home of the Department of Metallurgical Engineering 
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Acting Head, Department of Metallurgical Engineering, University of 


I'TTERER 


Pittsburg! 


field of production metallurgy rather than con 
sumption metallurgy, and their records in their 
chosen field are very good and therefore quite 
gratifying to the school. 

The policy of the instruction has been and 
will continue to be to educate men for steel pro 
duction work. No attempt has been made to 
emphasize research, although any student show 
ing a natural tendency in this direction is 
encouraged to the fullest extent, and given every 
opportunity to develop. The metallurgical 
department is fortunate in that there are very 
good courses open to its students in some of the 
other departments of the University. Most of 
the students, besides their regular metallurgical 
work, take extra courses in physical chemistry, 
atomic physics, \-rays and spectroscopy, taught 
by professors in the chemistry and physics 


departments. 








ENROLLMENT STEADILY INCREASING 





rhe metallurgical engineering department 
is fully accredited by the Engineer's Council for 
Professional Development and at the present 
time is one of the largest undergraduate schools 
in the country specializing in ferrous metal 
lurgy. The enrollment has been increasing 
rapidly in the last three or four years until it is 
now about 100. There are 15 students enrolled 
in the present senior class. 
Steady growth of the enrollment has 
required new equipment and enlarged space, 
and the University has met this demand by 
re-establishing the department with a new 


metallurgical laboratory on the first floor of 
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in a Combined Laboratory and Class Room 


Vost Examinations in Metallography Are Made Visually 





Where 


Each Student Has His Own Microscope and Lockers 


State Hall. 
characteristics of the new layout. 

One of the attractive features of the 
sraphical laboratory is the tables for 
microscopes. 
accommodate a total of 20 students. 
has a locked compartment for his 
individual microscope set, drawers 
for preservation of prepared speci 
mens and others for notes. There 
are also individual electrical out- 
lets. Micro-examination is possible 
at 100 to 500 diameters with the 
equipment available here, and this 
system of — instruction vreatly 
reduces the demand on the large 
photomicrographic apparatus. 
Because each student has sullicient 
equipment for routine examination 
of his specimens, photomicrographs 
may be taken on the large equip- 
ment when available. Desks, chairs 
and blackboard are also placed 
around this laboratory in such a 
way as to make this space usable 
as a senior class room. 

Photomicrographic equipment 
is arranged in a semi-dark room. 


lwo of the ordinary units are shown 


in the view at the bottom of the 


Flexibility is one of the outstanding 


metallo- 
students’ 
Three tables are provided and will 


Each student 


Two Conventional Photomicrographic Equipments and One Neu 
the Dusk Room jor Photograph 


Compact Type Are Installed in 


Vetal Progress; Page 48 





page, together with one of the newest com- 
pact types on the left. Adjoining this 


section are the dark rooms which are 
arranged to accommodate four students 
simultaneously. 

A sample preparation room has been 
organized to handle as many as 20 students 


Higl 
igh 


wheels, bakelite mounting press and nine 


simultaneously. speed cutting-off 


wet wheels are provided. Other types of 
polishing units and material for hand pol- 
ishing are also included. 

Besides this adequate micrographical 
equipment, other laboratory facilities are 
of course available. These include are and 
high frequency induction furnaces for melt- 
ing, gas-fired melting furnaces, a_ large 
forging hammer, both are and acetylene 
welding equipment, chemical and assay 
laboratories together with a machine shop. 
Complete heat treating equipment such as 


“hump” furnaces, electrolytic salt baths, 


and physical testing equipment — espe- 
cially modern hardness testers — are also 


available. 

It is planned that all of this latter 
material, of which most is now in another 
building, will soon be moved into State 
Hall, a floor below the new metallographic 
facilities 


together as a working unit. S 


laboratory, so as to have all 
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Advantages of differential 
hardening of large masses of 
metal by means of the oxy- 
acetylene flame are well 


with composition chosen lo 
give fully pearlitic matrix in 
the metal as-cast, is hardened 
in a single pass lo scleroscope 


79 at the surface, with structure 


in. below. With manufacture 
under proper control, warpage 
will be on the order of 0.010 in 
in 8 ft, lhe 


finally ground to a tolerance of 


and ways are 





exemplified in its successful 


application to the ways of 


lathe beds. 





merging by insensible grada- 


0.0005 in. After 3%, years’ use 


An alloy cast iron, tions into the original about \4 such a bed shows no wear. 
FLAME HARDENED LATHE BEDS 
BY P A ABI 
Works Manager, The Monarch Machi: Fool ¢ ~ Sidnev, O 
tion. All offered certain improvements but we 


pap it is more than ever important that 
the ways of lathe beds be made extremely 
With the development of 


stellite and carbide cutting tools, lathe spindle 


resistant to wear. 
speeds are up to 5000 r.p.m. and cuts are being 
taken under heavy feeds never practical before. 
At the same time the demand is for machined 
parts of greater and greater accuracy; limits 
of half a thousandth of an inch are now fairly 
common practice even in high production 
plants. 

modern machine 
the 


Practically all the bearings are 


All the other elements of 


tools have been improved to meet new 
requirements. 
anti-friction bearings. Shafts and gears are of 
alloy steels. A great many parts are hardened 
and ground. Yet until the recent application 
of the flame hardening process, no completely 
satisfactory solution had been found to the 
problem of wear on bed ways. 

Lathe beds start to wear the very first day 
they are put into use and it is inevitable that 
the accompanying scoring, scratching and gall- 
ing of the ways should impair and eventually 
the 
Many attempts at solv- 
At first, the iron 


along the way sections was cast against a chill. 


completely destroy machine’s original 
accuracy and efliciency. 


ing the problem were made. 


Then hard- 
the 


entire bed was made of welded steel construc- 


Then steel wear strips were tried. 


ened and ground steel wear strips. Then 
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that 
tory solution had been reached 

Chilling 
furthermore, 


were not convinced a completely satisfac 


intolerable internal 
chilled 


grained iron is not machinable, the low strength 


introduced 


strains; because a close 


open-grained iron which was necessarily used 
Steel wear 
but do 


not an int 


lacked uniformity of hardness 


strips stand up reasonably well they 


score and wear, and since they are 
gral part of the supporting base, always are.in 
An all-steel base of 


it has no 


danger of being loosened. 


welded construction is expensive, 


appreciable gain in increased life, and its ways 
Since machine tool bases 


must be hardened. 


are so large and irregular in shape and sec 
tion, heat treating and quenching them in their 
entirety was out of the question. 


About 


ings of practically the same alloy iron analysis 


five vears ago, realizing that bush 


as that used in our beds were being very suc- 


cessfully hardened from an electric furnace, 


we began experimenting with flame hardening 
Che first attempts were immediately promising 


but surmount 


there were difficulties to 


The first difficulty, and the one which critics 


many 


of the idea insisted would make flame harden 
ing impractical for heavy duty lathes used for 
extremely accurate work, was that of distortion 
Another difliculty was to get the required hard 
any possibility of the hardened 


ness without 
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laver cracking, or spalling away from. the 
unhardened metal beneath. With these diffi 
culties solved there was the problem of grind- 
ing the long vee and flat wavy surfaces to the 
extremely close tolerances required. 

\fter 515 vears of experimenting and test- 
ing, these and numerous other difliculties were 
solved, the special equipment required was 
designed and perfected, and the production of 
Name hardened lathe beds is now a standard 
practice at the Monarch plant. Flame hard- 
ened lathe beds weighing as much as 7!5 tons 
are being regularly produced with ways unma- 
chinably hard and finished to a tolerance of 
0.0005 in. The hardened surface has a fully 
martensitic structure which gradually blends 
into the pearlitic structure of the base metal 
so there is no definite line of demarcation or 
plane of cleavage which could result in chip- 
ping, and there are no appreciable internal 
strains in the castings. Tensile strength of the 
mass of the casting, which is of first impor- 
lance in providing a good rigid foundation for 
the hard wearing surface, is specified to be 
from 15,000 to 50,000 psi. A test machine oper- 
ating continuously day and night for almost 
15 months shows no measurable wear or any 
scores or spalls or even scratches on the sur- 


face of the casting. 


Two Flat and Two Vee Ways ona Lathe Bed Are 
Hardened tn One Pass by Stix Oxy-Acetylene 


. 4 
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.™ = 
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One of the most important factors making 
possible these results is, of course, careful con 
trol of the carbon and alloy in the iron. 

Years ago, MoLDENKE pointed out that cast 
iron could be described as a steel matrix inter- 
spersed with graphite flakes and that there- 
fore the steel matrix of the cast iron body will 
respond like steel to quenching. Since steels 
lose their hardenability progressively as their 
carbon content decreases, and since cast iron 
which contains considerable silicon precipitates 
most of its carbon as graphite, care must be 
taken to prevent this precipitation from becom- 
ing excessive and leaving behind an anemic 
body low in combined carbon. 

A combined carbon content of approxi- 
mately 0.60°° is therefore specified in the com- 
position of our castings, an amount capable of 


giving the maximum hardness number in steel 
after quenching at maximum rates. To obtain 
the necessary fine adjustment between graphite 
and combined carbon, a closely controlled 
nickel alloy cast iron is used an alloy in 
which a careful balance of nickel, silicon, man- 
ganese and molybdenum can be depended upon 
to eliminate hard spots of coalesced iron car- 
bide and also to stabilize that portion of the 
carbide in the pearlitic matrix necessary for 


flame hardening to the fullest degree. The 


Torches. The casting ts all but submerged in 
water; each torch is followed by a quenching jet 


? 





‘ed 












‘- 


‘ 





oe >. / 
a.) Ty) » 






\ 
i 


3 
- 








graphite flakes take no important part in this 
particular reaction. 

This cast iron is especially low in phos- 
phorus and sulphur to avoid the occurrence of 
hard phosphides or soft, tender sulphide films. 
rhe silicon, nickel and manganese provide the 
necessary balance for a proper graphite con 
tent and a tough, hardenable matrix. The mix 


to the cupola consists of 60 to 65° steel rail- 


road rails and the balance pig iron of high 


orade with nickel and manganese added as 
needed to bring the amounts indicated. The 


composition is specified to run as follows: 








Consequently a low critical temperature in the 


alloy is desirable in order to get the greatest 
penetration for a given, fixed temperature \ 
lower heating temperature has a= generally 
milder action and a more gradual blending 


with the underbody, resulting in a more evenly 


hardened surface. 


lt is well known that silicon, chromium 
and molybdenum raise the critical hardening 
range of iron-carbon alloys, while manganese 
and nickel lower it. Castings of the composi 
tion described above respond to heat treat 
ment and can be fully hardened from a low 
temperature of about 


320" F. Thus, with cast 


iron containing nickel 


and manganese in sub 


stantial amounts and as 
little silicon as practi- 
cable we are able to 


produce castings capa 


ble of being flame hard 


ened to the desired 
hs? depth without resultant 
? 
: heat checking, and we 
pre 
+ » are able to get a tough 
Sh kaa oo surface with the least 
acy <= « gel F 
he ae ak Weeds So we ; distortion for the best 
¢ MY 41 e46s.~ I; ‘ . 
a Fite. = 3 Fabia surface hardness 
Po ort Sas a aay: 
GS See SW gatecs. . a The moderate 
“ “4, Je Te at 
quantity of graphitic 
carbon originally pres 
A 5-In. Section of a Monarch Lathe Bed Is Sawed Nearly Through ent in the high grade 
and Then Broken to Show Penetration of the Hardening Action “pearlitic” iron remains 
unchanged. We believe 
this to be an advantage, 
MaximuM MINIMUM as it seems to provide reservoirs for lubricant 
Potal carbon 3.20 2.80 in the hardened matrix, and increases the 
Combined carbon V.40 U.00 adherence of the oil film, which is very impor 
Silicon 200 1.70 
sd tant in the lubrication of wearing surfaces o1 
Manganese 1.00 0.70 
Nickel 150 1.00 machine tools. 
Phosphorus 0.15 Beds are flame hardened in the specially 
Sulphur 0.10 designed water tank shown in the halftone on 
Chromium or molybdenum 0.29 page 50. They are immersed in continuously 
Such an iron is composed of a fine pearl- circulated cold water, up to the underside of 
itic matrix, interspersed with well-distributed the ways SIX OX\ acetylene torches are used, 
graphite flakes (see the bottom micro on page one on each flat surface of the four ways 


92). It is a fully pearlitic matrix such as would 
occur in a high grade hard steel. 

We have found that the lower the harden- 
ing temperature the less will be the distortion 
during flame hardening. Since the amount of 
heat applied to the very surface must be con- 
trolled to prevent fusing it or burning it, a low 


hardening temperature is obviously desirable. 
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Quenching water jets are an integral part of the 


torches, being about in. behind the gas jets 

The carriage supporting the torches moves 
lengthwise over the tank at between 5 and 6 in. 
per min., depending upon the size of the bed 
being hardened and the depth of hard surface 


The 


over each bed, and produce 


desired. torches are given only one pass 


a hard, wear resist 
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ing, firmly anchored, graphite-pierced surface, SS =— 
strongly fortified to resist the rigors of service. 
By localizing the heat at the burners by 
means of the circulating water bath, quenching 
with the proper water pressure, and making 
but one pass over the bed, distortion is held to 
a minimum. The average distortion in a bed 
Sl. ft. long hardened to a depth of from !x, to 
1, in. is approximately 0.010 in. This warp is 
then ground out; the final tolerance is 0.0005 in. 
in the over-all length. To provide stock for this 
vrinding operation, an excess of about 0.010 in. 
of metal is left on the ways before hardening. 
Exhaustive tests have studied the wearing 
qualities of the flame hardened surfaces. One 





is especially significant. Duplicate carriages, 
each loaded with weights totaling 500 lb., were 
put into continuous operation on two typical 
beds, one unhardened, the other flame hard- 
ened. A crank arrangement operated by an 
electric motor moved each carriage one foot 
of travel on each bed 20 times every minute. 
At frequent intervals cast iron dust was auto- 
matically dropped on the bearing surfaces. 
After 10,000,000 passes (one year of continuous 
movement) the unhardened bed was very badly 
scored and worn more than 0.005 in. over the 
entire area. The flame hardened bed showed 
no wear and was entirely unscratched. 

To illustrate the gradual transition from 
the totally martensitic structure of the surface 
through the sorbitic to the totally pearlitic struc- 
ture of the base, a way was taper ground over 
a lf-in. length and photomicrographed at 1% in. 
spacings. The structures at stations 1, 9, 19 and 
29 are shown in the attached views. Shore 
scleroscope readings were 79, 69,57 and 31. 

To test the adhesive properties of the mar- 
tensitic surface, test sections were flexed under 
hydraulic pressure and submitted to various 
impacts. In every case the entire test piece 
would fail before spalling. 

One of the first beds flame hardened when 
extensive development of the process was first 

undertaken was built into a machine subse- 
quently used under actual operating conditions 
in the tool room at the Monarch plant. This 
bed, after 315 vears of satisfactory service, in 


a recent check showed no measurable wear. 


Micros From Way, Taper Ground, Show Struc- 
fure of Surface of Way (Top), of Unhard- 
ened Base Metal (Bottom) and of Third 
Points in Between. Magnified 400 diameters 
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Three & Committees on the 
general subject of Machinabil- 
ity of Steel are headed by Prof. 
Orlan W. Boston as general 
chairman and report to the Another is 
Vetals Handbook Committee. 


One of these is a sub-commit- 


METALLURGICAL 


AFFECTING 


BY H. W. GRAHAM, 


J. D. 


yeep that are responsible for variation 
in the operation of machining steel fall 
into two general groups: 1. Those that are 
inherent in the steel; 2. Those that arise from 
conditions in the cutting operations. It is the 
purpose of this article to deal only with those 
factors, metallurgical in character, which are 
in the steel. These factors fall naturally into 
groups relating to manufacture, composition, 
processing, and physical characteristics. There 
will also be presented an approximate classi- 
fication of the machinability of various com- 
mercial grades of steel, and discussion is 
invited, especially as the committee is not in 


full agreement as to these ratings. 
\VIANUFACTURE OF THE STEE!I 


Steel Making \side from the mere 
adjustment of analysis there are many features 
in the operation of any selected steel making 
process that will affect the machining quality 
of the final product. By empirical observation 
and experience it has been learned, for 
instance, that the machining quality of screw 
steels is generally favored by carrying the steel 
making process to a further point of oxidation 
of carbon than is done in making other steel 
products. Furthermore, any procedure that 
favors the absorption of an appreciable nitro- 


flee on culling fluids, Joseph 
Geschelin, chairman, and a 
report from it was printed u 
Merat Progress in June, 1938. is, in the words of Chairman 
considering the Graham, “only tentative, and 
mechanical factors involved in 
the machinability of steel; its cism by interested parties” 


chairman ts Hans Ernst The 
third ts on metallurgical fac 


fors and ils preliminary report 


worthy of comment and criti- 


FACTORS 


MACHINABILITY 


ARMOUR, PHILIP SCHANE, M. N. LANDIS 


gen content seems to be favorable to machin- 
ability. Machining quality also appears to be 
affected adversely if the final total sulphur con 
tent is made up largely by residual sulphu 
rather than by sulphur added in the final stages 
of the steel making. 

7 he Bessemer Process rhe a velopment 
of free machining steels finds its origin in a 
fortunate combination of circumstances attend 
ant on the early days of the bessemer process 
Late in the 19th century it was recognized that 
high sulphur blows, erratically produced in the 
cupola-converter combination, made a product 
superior in machining qualities to openhearth 
steel. The introduction of the hot metal mixer, 
improved bessemer converters and the success 
of deliberate additions of sulphur to bessemet 
steel is now a matter of history 

The Openhearth Process 


screw steels are the result of an attempt to 


Openhearth 


combine the superior machining qualities of 
bessemer screw steels with the advantageous 
properties of openhearth grades 

The Duplex Process 


of finishing bessemer-blown metal in an open 


The duplex method 


hearth furnace imparts certain bessemer prop 
erties to openhearth practice Duplex steel is 
generally superior in machining quality to 
openhearth steel made direct from scrap or 


from scrap and pig iron 
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(LOMPOSITION 


Composition of a steel has a major intluence 


on its machinability, since it affects such charac- 
the 


and 


leristics as structure, physical properties ol 


constituents, inclusions 


the 


indirect, it Is 


Various structural 
ellect. of composition 1S 
difficult to the 


each element. 


hardness Because 


more ol less state 


; 
CNAC 


influence of 
Carbide 


ability by 


decrease machin- 


but their 


modified by proper 


forming elements 


increasing hardness, detri- 


mental effeets can be 


annealing. Elements which form solid solutions 


with ferrite generally cause poorer machinability 


because of the hardness or toughness imparted by 


them. Elements forming inclusions have harmful 
effects when the inelusion is hard or abrasive, 
such as alumina or silica: elements such as 


sulphur, which form soft inclusions, are generally 
benefictal \ the elTects ol 


the more important elements and compounds is 


general statement of 


viven below 


Carbon Very low carbon steels are gen 


erally of poor machining quality. The best carbon 
content for machinability is approximately 0.10 
ior bie 


Cutting quality drops off rapidly with increase of 


ssemer steel and 0.20 for openhearth steel. 


carbon above 0.15 in bessemer and above 0.50 
in openhearth. 

Manganese The elfect of manganese is 
the total the 
hardening elements carbon, manganese and phos 
the 
approxi- 
1.00 


largely dependent on content of 


phorus. In the ordinary machining § steels, 


most ftavorable manganese content is 


mately Q.70 in bessemer steel and about 

in openhearth steel 
Phosphorus In 

should 


phorus up to about 


bessemer. st 


| phosphorus 
Added 


in openhearth steel is 


than 0.09 


not be lower phos- 

mildly effective in improving machinability. 
Sulphur is the more generally used element 

better 


results are found as its content is increased up to 


for obtaining machinability. Improved 





limit is 


from a manufacturing standpoint this 
placed at approximately 0.30 
Silicon 


as the silicon content increases, due chiefly to the 


Cutting quality generally decreases 


silicate inclusions usually present. 

Alloying Elements The general effect of the 
regular alloying elements is a decrease in machin- 
ability on account of the hardness and toughness 
imparted to the steel. For this reason most alloy 
steels will require a special heat treatment, like 
annealing, to secure the best machining properties, 
Some alloys such as molybdenum, vanadium o1 
chromium decrease machinability less than others 
is added to steel to improve 


such as nickel. Lead 


promising results have 
added to 
elTect 


similar to that of sulphur. Tellurium has also been 


machinability and very 


been obtained. Selenium is stainless 


steels to improve machinability, its 


being 
added to improve machinability. 
best 


the 


manutacture, 


nelustons In accordance with 


accepted practice of screw steel 
every precaution is taken to avoid abrasive inclu- 
sions in the finished product. Sulphides usually 
occurring in the form of MnS and oxy-sulphide 
variously diluted with FeS, MnO or FeO are gen 
erally accepted as benefiting cutting quality. Iron 


oxides and manganese oxides either singly or in 


combination are not believed to be detrimenta! 
Their presence in high sulphur steels is usually 
which 


associated with sulphur (oxy-sulphides) in 


form they are considered to be distinctly benefi 
cial. The combination of high percentages of these 
SiQ., is the 


silicates 


two oxides with also said to reduce 


abrasive and detrimental qualities of 
The AlL.O. is 
detrimental, due to its high hardness and abrasive 
Silicates FeO or MnO 


a high degree of hardness and are believed 


presence of considered definitely 


properties low in content 
possess 


to exert a detrimental effect on machining quality 


PROCESSING 


Principal processing methods that affect the 


1 
some high 


machining characteristics of steel are hot working, 
cold ther 
mal treatments. 
Hot Working 


limit not as vet determined, although 


working, and 


Approximate Machinability Classification 





Experience indicates hat 
CARBURIZING STEELS EAT TREATING S LS . 
; : Heat I verre eee large structural grain 

FREE MACHINING “ =. 

size 1S generally prelter- 
RESULPHURIZED STEI NON-RESULPHURIZED NON-RESULPH URIZED 5 ya 
ALLOY GRADES able for most types ot 
(.ARBON GRADES CARBON GRADES ee , . 
machining operations. 
S.A.E. No Pen CEN S.A.E. No Per Ci S AE N Per CEN S.A.E. No. Per CEN The desired structural 
grain size can usually be 

X-1112 140) X-1020 68 3115 3 1030 §2 obtained within reason- 
1112 100 OLDS de 3120 ; Thee ) ‘ , : 

7 X-101 _ Lat $24 1030 be able limits by controlling 

\-1314 0) 1020 63 6115 3 X-1040 62 tl finishi . 

X-1315 37 1015 53 6120 13 1040 60 a pee 
1115 81 1010 53 5120 51 1045 18 ture in hot working. For 
1120 78 1025 53 2315 D1 X-1045 50 carbon — steels finishing 

X-1330 76 C-1025 53 2320 , 1050 15 temperatures are held in 

X-1335 72 1615 >I 

X-1340 70 1620 51 
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1700° F.. or when 


machining characteristics are important and the 


the neighborhood of higher 
steel is to be machined before being submitted to 
further heat treatment. 

For alloy steels that have high hardness when 
finished at temperatures well above the upper 
critical point, temperatures just above the critical 
provide somewhat lower hardness (this decreases 
the rate of cooling through the critical) which may 
aid machining more than larger grain size with its 
attendant higher hardness. 

The effect of hot working on machinability 
may be considered a minor influence compared to 
the effect of such factors as chemistry and anneal- 
ing treatment. 

Cold Working 


most steels can be very 


Machining characteristics of 
materially improved by 
cold working. This improvement is due in part to 
the effect of cold working on the physical proper 
ties and partly to its effect on the structure of the 
Machinability is favored by relatively low 


steel. 


strength and low ductility. Cold working increases 


the strength but decreases the ductility, therefore 
cold 


working up to the point where the cold working 


machinability of steel can be improved by 


increases the strength beyond the good machining 
Lo 217 Brinell. 


its greatest improvement on steels that have a low 


range of about 187 Cold work has 


order of work hardening and a high order of work 
embrittlement. 

Thermal Treatments 
markedly alTected by heat 


The machining prop 


steel ean be 


erties ol 


treatment. carbon steels, with carbons 


0.10 


Very low 
unde can be improved in) machinability 
by quenching in water from over the critical point 
which lowers the ductility and reduces the tend- 


to dra: 


ene ¢ in machining. Except for these very 


low carbon steels, however, quenching and tem 


pering is very detrimental to machining proper- 
ties; the tempered structure is one of the least 
favorable for machining. 

\nnealing and normalizing treatments can be 
very useful in improving the machining properties, 
In medium carbon steels they should be designed 
to coarsen the grain, break up the continuity of 
the ferrite as much as possible and put the carbide 
in the form of lamellar 
pearlite. At about 0.50 


carbon, with this type of 


Approximate Machinability 


neighborhood of 100,000 psi. tensile strength o1 


about 200 Brinell hardness. Otherwise the struc 
tural characteristics should remain the same. As 
the carbon increases above 0.50 the percentage 
of carbide in the spheroidized form should increase 
until at about 1.00 


all ol the carbide itl the spheroidized 


carbon it is necessary to have 
practically 


form to keep the strength factor within the best 


machining range 


In the alloy steels the same general principles 


again apply but other factors must also be taken 


into consideration A\llovs such as vanadium may 


tend to form carbides, or, like nickel, to form solid 


solutions Sometimes the same alloy may act in 


both ways into solution in the ferrite 


and torm 


that is, go 


a complex carbide Kxamples are chro 


mium and manganese In this discussion the 
alloys will be considered under the two general 
Classificaiions of carbide forming and solid solu 
tion forming 

The carbide forming alloys have the same 


effect on machining properties as does carbon, but 


j 


because of their effect on hardenability, the carbor 


strength factor becomes toc 
machinability is lower than in the 


When hie il treatments in 


content at which the 


high for good 
ster Is 


plain carbon 


lower the strength, the annealin evel 


should be 


grained, 


used to 
designed to produce a well broken up 


lamellar peartitle ypheroidizing 


Corse 
part of the carbide in the higher carbon alloy steels 
is resorted to, just as in the plain carbon steels 
It follows that carbide forming alloys give no pat 


ticular difficulty in) producing good machining 
properties in alloy steel 

The solid 
They toughen and strengthen the 
and therefore thei 


\ttempts can by 


solution alloys present a different 


problen ferrite 


tendeney ts to retard machin 


ability made to produce a 


lamellar pearlite structure by thermal treatments 


or lamellar with a certain percentage of spheroid 


ized carbide), the same as outlined for carbon 
steels, but the characteristics of the ferrite matrp 
cannot be changed very much. It is more diflicull 
to produce lamellar pearlite structure if} much 


n the ferrite, since such 


alloy is in solid solution 


allovs make the transformation of austenite more 


Classification 





becomes too high for best 


Structure, strength 


ALLOY GRADES 


machinability, and it is Nor ANNEALED 


necessary to modify the 


annealing cvcle so that S.A.E. No. | Per C1 


just sufficient carbide 

will be spheroidized or 3130 i" 

divorced to keep the va os 

strength within the best 9990 + 

machining range. This X-3140 33 

will be somewhere in the 9335 33 
3140 s2 
2345 0) 
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sluggish and, if cooling is 
a little too rapid, the struc- 
ture is sorbitic; if a little 
too slow, it may be pre- 
dominantly spheroidized. 
While little can be done 
with heat treatment, 
machinability of these alloy 





steels can be improved by 

cold working the ferrite to 
reduce its ductility. This is particularly true in 
the low carbon alloy steels like S.A.E. 4615 where 
free ferrite is the predominant structural element. 
lt has been the experience of some that it is an 
advantage to cold work the higher alloy steels like 
S.A.E. 2512 to higher hardness than is usually con- 
sidered best for free machining, in order to further 
reduce the ductility. This applies to applications 
of drilling or broaching where steel cold worked 
to a Brinell number as high as 250 or even higher 
may give better results than softer material with 


high ductility and toughness. 
PHYSICAL CHARACTERISTICS 


Like other factors affecting machinability, 
physical characteristics are a part of or are 
dependent upon a combination of other practices 
such as manufacture, composition and processing. 
It follows, therefore, that a discussion of some 
physical details has been included in the preced- 
ing sections. In general the qualities desired, 
though not clearly defined, appear to be a low 
order of work hardening capacity with a high 
degree of work embrittlement, under the condi- 
tions of cold work which exist during cutting. 

Grain Size The as-rolled or structural grain 
size of a steel is separate and distinct from the 
inherent or austenitic grain size. There is a diver- 
gence of opinion about the relationship of struc- 
tural grain size to machining quality, but it is 
ordinarily admitted that some improvement in 
machining performance generally occurs with 
large grain size. The improvement, however, 
is not proportional to the degree of coarsening. 

It is possible that inherent grain size itself has 
ao direct effect on machinability because inher- 
ently fine-grained steels can be structurally coarse. 
However, fine-grained steels are made with addi- 
tions of aluminum; accordingly they are generally 
of poorer machinability because of the abrasive 
action on the tool of Al.O, present in the steel. 
There is also the possibility that fine-grained 
steels will have a fine structural grain unless pre- 
cautions are taken in hot working. 

Hardness 
correlate Brinell hardness numbers of steel too 


Many investigators have tried to 


closely to machinability, but much of the work 


has been unsuccessful. This is because composi- 





tion, structure and mechanical factors are rela- 
tively of more importance than hardness. Where 
Brinell numbers are considered it is generally 
accepted that a range of about 187 to 217 repre- 
sents the most desirable. 
Tensile Properties Tensile properties are 
an index of machinability only so far as they give 
comparative values of strength and ductility of 
different steel compositions. Good machining steels 
are soft and brittle, and have the property of low 
work hardness. Tensile properties can therefore 
be used to show the relation of tensile strength to 
ductility. It is also probable that shearing prop- 
erties are related to machining properties. 
Metallographic Structure Lamellar pearlite 
is the most favorable form for carbide to occur in 
steel for free machining unless there is too much 
of it, as is the case with very high carbon steels. 
In such cases the strength is too high for machin- 
ing, and it is necessary to spheroidize the cement- 
ite (or divorce a part of it) as mentioned under 
thermal treatments. The carbide that is not 
spheroidized should be in the lamellar form. 
Many authorities are of the opinion that non- 
abrasive inclusions which break up the ferrite 
particles are strong factors for improved free 
cutting. Sulphides are an outstanding example of 
this type. Perhaps the smaller the inclusions the 
more effective they are. Other factors, such as the 
molecular and colloidal dispersions in ferrite 
which are invisible under the microscope, perhaps 
exert even a greater influence on cutting quality 
than the few visible ones which inevitably occur. 


({LASSIFICATION 


Study of the factors influencing the machin- 
ability of steel indicates certain groups into which 
the various steels will fall with more or less pre- 
determined machinability. The various S.A.E. 
grades have been arranged in the tables printed 
on the two preceding pages, using S.A.E. 1112 as 
a basis of comparison with a rating of 100%. 

Those S.A.E. grades whose machinability is 
materially affected by annealing have been rated 


both “annealed” and “not annealed”. The values 
given are intended only to serve as a guide; 
adjustments should be 
made to suit specific 
operations and condi- 
tions. They are for 
high speed tools in 
turning, forming, drill- 
ing and cutting off 
operations where a 
conventional cutting 
fluid is used. Com- 
ments from. others 





will be welcomed. 
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A case history of a develop- resistance, and 
modern metallurgy, 
the 


electrical conductivity, wear 


ment in 
how 


showing density, 


POWDER 


IN THE ELECTRICAL 


BY CHARLES 


URING RECENT YEARS a number of arti- 
cles have appeared in the technical press 


I) 


dealing with powder metallurgy. It is assumed 
that the reader is familiar with some applica- 
of the 


advantages of using metal powders in prefer- 


lions this comparatively new art and 


working and machining. This 
the 


ject in general but with some particular appli- 


ence to casting, 


article will, therefore, deal not with sub- 


cations in the electrical field. 


Powder metallurgy of tungsten, molybde- 


num and tantalum has been dealt with very 
fully by other authors, and the applications 
of these refractory metals in the electrical field 


The 


this article is copper powder. 


are already well known. metal mainly 


dealt 
Copper as a conductor of electricity has been 


with in 
used universally and its advantages as such 


need not be stressed here. Copper powder, 
however, has but comparatively recently been 
adopted. The steps leading up to its adoption 
and the results follow: 

One of the early applications of copper 
powder was in the manufacture of “brushes” 
lo lead current into the armature segments of 
the small electric motors used to start automo- 
bile engines (“self starters”, so called). A com- 
bination of copper and carbon was employed. 
When electrolytic copper powder became a 
product of large scale commercial production, 
the possibility was raised of using this powder 
for making the brushes. Due to the purity of 


electrolytic copper and the practical control of 


accuracy necessary for copper 
parts in inexpensive self-starter 


motors were achieved in press 


HARDY, 


oO] electrolytic coppel 
powder, at a cost that is com 


dimensional ings 


petitive with more conven 


lional methods of jorming 


METALLURGY 


KIELD 


NEW YORK CITY 


the maximum impurities (particularly the oxy- 


gen content), the manufacturers of starting 
motor brushes visualized better results than 


had been previously obtained with other pow 
ders. <A 


was that the brushes must be able to stand up 


condition for its adoption, however, 


to 50,000 starts without a break lests to prove 
this required several months but even while 
these tests were in process the required mini 
mum starts without break were raised to 75,000 
(100 a day for two years!) This condition was 
met and electrolytic copper powder is used for 
this purpose here, as well as abroad, in large 
quantities. 

Better roads, cheaper cars in the hands of 
many who use them daily for transportation to 
and from their work, short week-end trips as 
well as long vacation trips, demanded a length 
ened life of the car. Longer life meant improve- 
ment in quality of every part that enters into its 
manufacture. Hence, every constructional piece 
became the subject of research. Encouraged by 
the results obtained with starting motor brushes, 
the of 


studied. The specifications were quite rigorous: 


problem commutator segments was 
1. The chemical properties demanded that 

the copper should show a purity of not less than 

99.5% copper. This could readily be met by the 

copper powder produced electrolytically, 

of the 


This condition 


) 


segment must 
offered 


Metal powders after compres 


The conductivity 


not be less than 96°. 
some difficulty, 


sion did not at that time have the same density 
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as the rolled or drawn copper bars from which It will be seen that while results of these 


the segments were cut. It was found, however, preliminary tests on repressing and alloying 
that as the face of the copper segment had a were far from satisfactory they indicated that 


greater area than the cross section of the lead-in additions of other elements to the copper 


wire, the specification of 96° could very well usually hardened it, but the increase in hard- 
be changed. As a matter of fact, during confer- ness number was not suflicient to compare 
ences With interested parties it was decided favorably with the increase due to repressing 
that this standard for conductivity could well (equivalent to cold working of the copper). 
be reduced to 65° and still give the results Further work resulted ultimately in a cop- 
desired. Powder metallurgy, however, could per segment which met all the chemical and 
produce material of 90° conductivity and over, physical requirements of the specification 
and has demonstrated recently with a new tech- imposed. The ultimate results are due to the 
nique that 96° conductivity can be insured. progress made in the other steps of powder 
5. A hardness number of 99 or 100 (Brinell metallurgy besides the production of pure pow- 
test with 10-mm. ball and 500-kg. load) was der. Originally, the compression took place in 


Hardened Copper Made of —-325 Mesh Copper Powder 


Dimensions in mm.; Hardness under 10-mm. Brinell ball, and 500-kg. load 











B AFTER AFTER AFTER APTER (\rTER REHEAT 
ET , ‘ > , 
App! conte Ist SINTER Ist REPRESS 2Np SINTER 2Np REPRESS 1 HR. AT 
SIN TERING 935° C.* 
TION a - 
SIZI HARD HAnb- HAnb- HAnRb- 
SIZI SIZI SIZI SIZ! HARDNESS 
NESS NESS NESS NESS 
none 30.7 X 17.6 | 30.3 X 17.3 16) 30.7 X 15.8 74 30.7 X 15.7 18 30.7 X 15.3 67 67 
1.0% Ag $0.7 X 17.6 30.3 * 17.3 14 30.7 X 19.8 78 30.7 X 10.7 18 30.7 X 15.4 67 70 
2.5% Ag 30.7 X 17.6 30.3% 17.4 4 30.7 X 15.9 78 30.7 X 15.8 50) 30.7 X 15.4 70 71 
1.0% Cd 30.7 X 17.6 | 30.5 XK 17.3 15 30.7 X 15.9 79 30.7 X 15.8 50 30.7 * 15.4 65 69 
2.9% Cd 30.7 X 17.6 | 30.8 * 17.4 39 30.7 X 16.0 74 30.7 X 16.0 a0 30.7 * 15.5 70 69 
1.5% Zn 30.7 * 17.6) 30.4 * 17.0 17 30.7 X 15.9 74 30.7 X 15.8 56 30.7 * 19.0 70 71 
3.00 Zn 30.7 X 17.6 30.4 & 17.5 13 30.7 * 15.9 77 30.7 X 15.9 56 30.7 * 15.6 71 71 
1.5% AgCd, | 30.7 * 17.5) 30.9 18.1 10) 30.7 X 16.3 74 30.9 X 16.6 1) 30.7% 15.9 74 77 
3.0% Ag.Cds | 30.7 X 17.5 | 31.1 XK 17.9 34 30.7 X 16.0 77 31.5 * 16.6 13 30.7 * 15.7 74 77 
1.5% AgZn, 30.7 X 17.6 | 30.5 X 17.5 17 30.7 * 16.0 80 30.7 X 16.0 55 30.7 * 15.7 74 80 
3.0% AgZn,; | 30.7 X 17.8 30.5 x 17.8 14 30.7 X 16.0 80 30.7 X 16.0 ol 30.7 X 15.7 72 80 
1.9% AgSb | 30.7% 17.7 30.7 17.9 15 30.7 X 16.2 80 30.8 X 16.4 50 30.7 15.9 71 78 
3.0% AgeSb | 30.7 X 17.7 | 30.8 X 18.1 39 30.7 X 16.3 SO 31.2 X 16.7 50 30.7 X 16.2 72 80 
1.5% Zn Sb. | 30.7 X 17.8 | 30.5 * 17.5 46 30.7 * 16.0 83 30.7 X 16.0 60 30.7 X 15.8 73 80 
3.0% Zn:Sb. | 30.7 X 17.8 | 30.6 17.5 | 49 30.7 X 16.1 | 86 30.7 X 16.1 60 30.7 X 15.7 76 80 
*Size practically unchanged by this moderate heating. 
demanded of the rolled and cut segments, a slow working hydraulic presses. Here, the pul- 
hardness not then possible by compression of sation of the pumps and the entrapping of air 
copper powder alone. <A further condition were responsible for laminations and bridging 
required that the segments should have mini- in the compacts, for porosity, and for low con- 
mum distortion (shrinkage, expansion, warp- ductivity. Fast working presses have since 
age). When reheated for one hour at 450° F. been developed. Dies made from tungsten 
the average minimum hardness number should carbide and specially prepared steels, and new 
not be below 85 on the above-mentioned scale. ideas as to die construction helped to overcome 
A number of tests were run adding other ele- slipping and adherence of the powder to the 
ments such as silver, cadmium, zinc, antimony sides of the die. Compression in such hard 
and various combinations thereof to the cop- faced dies allowed the production of segments 
per to obtain the hardening effect. While the to close tolerances. Re-pressing in similar coin- 
results of these tests have since been superseded ing dies produced characteristics of rolled or 
it might be well to print a table showing drawn copper. 
the results obtained by Prof. E. Kern of Colum- One serious difficulty, however, was encoun- 
bia University, to whom the writer is indebted tered in drilling the segments to enter the 
for his excellent assistance in his work on pow- lead-in wire. Segments, which to all intents 


der metallurgy. and purpose were right, occasionally broke the 


Vetal Progress: Page 58 














Commutator Segment in Center 
Is Punched From Strip With 
Dull Tools; Others Are Products 
of Powder Compacts. One at 
right has integral silver facing 


drill, and the hole could not 
be directed — satisfactorily. 
This trouble was traced to 
the heat treating practice. 


As in most laboratories, 





hydrogen was used in 
annealing the copper pow- 
der before compression and 
again during the sintering. It was not realized 
immediately that this caused hydrogen embrit- 
tlement of the copper and the subsequent crack- 
ing of the segments. Once the use of hydrogen 
was eliminated and other controlled atmos- 
pheres employed for annealing and sintering, 
the last serious difficulty in producing satisfac- 
tory commutator segments was overcome. Not 
only straight copper commutator segments but 
also commutator segments with silver facing can 
now be successfully produced from commercial 
copper powders. 

This article is not to deal with the eco- 
nomics except insofar that the powders are 
available at a premium over the copper price 
which compares favorably with the premiums 
demanded for wedge shaped bars heretofore 
used, and in which a large scrap loss is experi- 
enced, due to wastage from the peculiar shape 
punched out. 

While the production of commutator seg- 
ments was being discussed with interested 
parties it was suggested that in view of the 
favorable results obtained, attempts might be 
made to produce squirrel cage rotors. 

In the past such rotors had been made by 
several methods, among which are: 

1. Die Casting. The resistance ring and 
rotor bars are die cast in a suitable die machine. 

2. Sand Casting. The resistance ring is 
cast into place after the rotor bars have been 
assembled in the core iron. 

3. Welding, Brazing or Soldering. The 
resistance ring is held in place by means of 
welding, brazing or soldering the bars to the 
resistance ring. 

In some of the above methods, especially 
sand casting, it may be necessary to machine 
the resistance ring in order to obtain a properly 
balanced rotor. 
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With the metal powder 
method the rotor bars are 
assembled in the stacks of 
core iron punchings, after 
which the metal powder 
resistance rings are assem 
bled to both ends of rotor. 


kor this operation a hvdrau 


»~“ lic press and suitable molds 


are necessary 
he facilities with which 
the metal powder could be 
compressed, and the ease 
with which the exact weight 
of the powder for top and 
bottom of the rotor could be weighed, permit- 
ted us to limit the compression to a depth of 
but 1, in. thus saving a lot of copper. The 
method also assured an even weight distribu 
tion and proper balance. 

The same procedure and heat treatment 
employed to obtain the electrical characteristics 
of commutator segments was followed in the 
manufacture of the rotor. The rotors were 
produced in a_=suflicient quantity, after the 
initial difficulties had been overcome, and a 
number were run for a year and longer in the 
field to prove their superiority. In the labora- 
tory these rotors were subjected to the most 
severe tests, sufliciently severe to burn out the 
electric wiring, vet the rotors stood up. The 
accompanying view shows the rotor of a squir- 
rel cage motor with its synchronization device 
made with the above described practices. 

The writer is indebted for these photo 
graphs, and for splendid assistance in applying 
powder metallurgy to the electrical field, to the 
Wagner Electric Corp., and particularly to G. 
A. Waters, chief engineer, and O. Wulfert, 


mechanical engineer. So 


Rotor for Squirrel Cage Volor Whose Ri sistance Rings 
at Ends Are Pressed From Powder Onto the Assembly 
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Pittsburgh 
Chapter, &, staged an educa- 


Last winter’ the 


fronal course of 12 lectures in 
Elementary Metallurgy of Car- 
bon and Alloy Steels. Mr. 
Allison reviewed their metal- 
lography in three lectures, and 


GENESIS OF 


the following ts adapted from 
a portion of his notes. It is an 
explanation of the now famous 
“S” curve for plain carbon 
eutectoid steel, which ts repro- 
duced on the Data Sheet, page 
65. According to this view the 





nodules of “primary troostite” 


are made up of fine pearlite. 
Likewise a little known acicu- 
lar constituent will form 
directly from austenite at sub- 
critical temperatures ranging 
from about 900 down to 300° F. 


PEARLITE 


AND MARTENSITE 


BY FRANKLIN H. 


Metallurgist UTnited Engineer 


%) VER since equilibrium diagrams have been 
4 used by metallurgists, teachers and writers 
have emphasized that these guide maps apply 
only to stable conditions —as is of course 
expressed in the very name, “equilibrium dia- 
gram”. Only recently, however, has careful 
note been taken of the rates at which the reac- 
tions occur in a solid or liquid alloy that is out 
of equilibrium, in its change over or approach 
to the stable condition. Since these reactions 
generally take place in a solid material, a much 
more substantial amount of time is required 
than for the reactions between the very mobile 
molecules in gases or liquids to which we are 
accustomed in ordinary chemistry. 

Thus, a definite amount of time is required 
for austenite which contains dissolved carbide 
to transform into well-separated and easily rec- 
ognizable structures of ferrite and pearlite. If 
the austenite is cooled through the critical point 
rapidly, so that the time is not sufficient for 
these constituents to separate, a much different 
Such faster 


rates of cooling can easily occur during quench- 


type of microstructure results. 
ing in water, oil, or air blast. 

It has been only in the last few years that 
the transformation of austenite at fast rates of 
cooling has been rationally understood. This 


has been due chiefly to a very important piece 


of research work by E. C. Bain and E. S. 
Davenport. A summary of this work on the 
transformation of austenite in high carbon steel 
is contained in the data sheet, page 65, repro- 
duced by the kind permission of the Laboratory. 
The right-hand line on this chart represents the 
time required for austenite to transform if a 
small piece of hot steel is suddenly cooled to 
any temperature indicated on the chart and held 
at that temperature. 

These experiments were made on a 0.78% 
carbon steel, which would be almost of eutectoid 
composition. It is to be assumed in the follow- 
ing discussion of individual samples that the 
steel is first heated above the critical point (or 
1340° F. as indicated by the “Ae, Temperature” 
line on the diagram). At higher temperatures 
the steel is composed entirely of austenite in 
which the cementite or carbon is thoroughly dis- 
solved. This single-phase structure is shown at 
the left of the S-curve, just below the center of 


the diagram. 
FORMATION OF PEARLITE 


If samples of this austenite are suddenly 
cooled below the critical point to, say, 1250° F. 
in a lead bath, and held constant at this tem- 
perature for various periods of time, and then 
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quenched in iced brine to fix the structure for 
examination, it will be found that the austenite 
will not even begin to transform until 20 see. 
has elapsed. 

Once started, the further transformation is 
gradual; a further period of time is required 
until all the austenite is transformed, and it is 
not totally transformed until 200 sec. or 3.3 min. 
has elapsed. In about one min- 
ute 25° of the austenite will 

If the 
at this 


have been transformed. 
sample is withdrawn 
time from the hot lead quench- 
ing bath at 1250° and quenched 
in brine, the microstructure will 
consist of some areas of soft 
pearlite, but about three quar- 
ters of it will be hard marten- 
sitic regions which were austen- 
ite before quenching, but which 
transformed to martensite dur- 
ing the brine quench. Similarly, 
in two minutes about half of the 
austenite will have been trans- 
After 3.3 min. at 1250 
F. all the austenite will have 


formed. 


transformed into pearlite, and there will be no 
further change in the microstructure on holding 
the steel sample at 1250° F. for an indefinitely 
longer time. 

What, then, will be the microstructure of 
this slightly hypo-eutectoid steel which has been 
transformed completely at a constant tempera 
ture of 1250° F.? It will consist almost entirely 
of pearlite, with a small amount of excess fer- 
rite, and it will have a hardness of about Rock 
well C-26. 

Examination of the data sheet, page 65, 
shows that the time required to begin the trans- 
formation (the so-called incubation period) and 
the time to complete the transformation of 
austenite to pearlite is surprisingly long at tem- 
peratures just below the critical, and that these 
times rapidly shorten as the transformation tem- 
perature is lowered. The microstructures and 
resulting hardnesses of the completely trans- 
formed steels show that the pearlite becomes 
liner and finer — that is, the spacing between 
laminations becomes smaller and the hard- 
ness increases as the transformation temper- 
ature is lowered to 1100° F. (Remember that 
this discussion applies to plain carbon steel; 
alloy steels may or may not act in a similar 
way.) These facts are shown in the tabula- 


tion at the right. 





The lamellar structure of pearlite is well 
known, and is shown in the top two micros on 
the data sheet. Since the austenite (gamma 
iron) has transformed into ferrite (alpha iron), 
the carbide which was thoroughly dissolved in 
the austenite, but is insoluble in ferrite, sepa 
rates out into thin plates. [It was assumed that 
these plates favored more or less the planes of 
the original austenite crystal 
structure, but the lamellae of 
pearlite are not as regular and 
flat as would be expected if 
this assumption were entirely 
true. Carpenter and Robertson, 
two English metallurgists of 
note, have studied this. prob 
book 


lem, and in their new 


“Metals” conclude that plate- 
lets of ferrite and cementite, 
once started, grow by edge 


extension, simultaneously, into 


the austenite. Eprror 


A ’ 
reey 


rey 

oe): : Let us refer again to the 
se 

| pe ot data 


changes that take place if the 


sheet and note the 
metal is rapidly cooled from 
above the critical point temperature down to 
1075" F 


austenite to transform. 


and held at this temperature for the 


PRIMARY TRoOosTITI 

We find that the austenite, now at 1075" F 
begins to transform very quickly, in fact in less 
than a second, which is much earlier than the 
20 sec. required at 1250° F. The transformation 
of all the austenite is completed in about 4 sec., 
which is also much faster than the 200 required 
at 1250° F. It will also be observed that the 
resulting steel is considerably harder, Rockwell 
C-11 or Brinell 388 as compared with the C-26 
resulting from the complete transformation at 
1250° F 

rhe microstructure of this more rapidly 
transformed austenite will be diflicull to resolve 


except by expert work at very high magnifica 


Transformation to Pearlite 





TRANSFORMATION START | COMPLET! Rock WELL| BrINELI 
1325° F. 35 min.) I month C-5 170 
1300° F. D> min. 2 hr. C-lo 201 
1225° F. 10 sec, 7o sec, C-31 293 
1150° F. 2 sec. 10 sec. C-37 302 





: 4 NN 
PEMPERATURE OF | TIME TO! TIME TO HARDNESS 
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tion. In the partly transformed specimens (as 
shown at the left, in the data sheet, at the 1075 
level) we see rosettes that apparently radiate 
fan-wise from nuclei. They are undoubtedly 
composed of pearlite but the lamellae are much 
thinner and there are more of them. This struc- 
ture is known as “fine pearlite” or “primary 
troostite”. 

The difference in the manner of separation 
of the carbide when the transformation occurs 
at lower and lower temperature is worthy of 
comment. If the cooling rate is sufliciently slow, 
so that the reaction may take place at about 
1275" F., 


ferrite occurs from a relatively few centers and 


the transformation of the austenite to 


slowly enough for the carbide, which is insolu- 
ble in the ferrite, to separate in an orderly 
manner, much as a crystal of salt would grow 
in a brine solution by gathering molecules to its 
surface one by one. On the other hand, if the 
cooling rate is faster the transformation takes 
place at lower temperatures, and at these lower 
temperatures down to about 1000° F, the reac- 
tion rate is faster and faster. That is, the 
austenite transforms so quickly into ferrite that 
it does not permit the dissolved carbide sufli- 
cient time to travel very far, and the separating 
lavers of ferrite and cementite are very fine and 
radiate from several points at the grain bound- 
ary of the austenite crystal, or from some 
inner nucleus such as an inclusion. 

There is no evidence in this work of Bain 
and Davenport’s that any intermediate struc- 
ture is formed in the transformation of austen- 
ite to pearlite; the new crystals of ferrite and 
cementite simply grow from a supersaturated 


solution (austenite). 
‘TRANSFORMATION AT 925° F., 


If the austenite, in which the carbide is 
thoroughly dissolved, is quickly cooled from 
above Ae, to 925° F., and held at this tempera- 
ture for a few seconds, it is observed (and shown 
in the “S” curve) that the transformation takes 
place with exceeding rapidity. It begins in a 
second, and is complete in about 11 sec. This, 
again, is in sharp contrast to the longer period 
of time required for the complete transforma- 
tion at the 1200° F, level. The hardness has now 
increased to C-42, and the microstructure, as 
shown clearly on the data sheet, would contain 
some very fine pearlite in fan-wise radiating 
groups; lamellae may be too fine for the high- 


est microscopic magnifications. An interesting 





new constituent now appears, called by various 


names by various observers. It is the feathery 
brush shown in the partly transformed specimen 
at the 925° F. level on the data sheet. It has been 
given various names by various observers in the 
past, such as “troosto-martensite”, “martensite- 
troostite”, “intermediate structure’, “troost- 
ite-M”, “pseudo-martensite”, “quench pearlite”, 
“acicular troostite”’, “acicular constituent”, and 
“bainite” (the last in honor of Edgar C. Bain, 
past president &, whose work forms the basis 
of the “S” From 


this variety of names it can be seen that its 


curve and this discussion). 


nature is as yet somewhat problematical, 
although it is readily distinguishable from true 
martensite by its etching characteristics, its 


appearance and its softness. 
(CICULAR CONSTITUENT 


The “S” curve shows us that as the tem- 
perature at which the austenite transforms to 
ferrite is lowered from 1330 to 1050° F., the 
change begins sooner and is completed much 
more quickly. This is what would be expected 
from what chemists have learned about the 
crystallization of other solutions (sugar, for 
instance) and this is what happens down to 
about 1000° F, 

But now a surprising thing happens. If the 
austenite is cooled quickly to temperatures 
below 1000° F., the transformation in plain car- 
bon steel begins to take a longer time to start 
and a longer time to be completed. Let us look 
at the transformation if it takes place at 750° F., 
having been suppressed to this temperature by 
fast cooling into a salt bath at 750° F. The trans- 
formation does not begin until about 8 sec. have 
elapsed and is not complete until about 2 min. 
The metal is somewhat harder than after trans- 
formation at higher temperature, testing Rock- 
well C-44 or Brinell 415. 
occurs in the microstructure. 


Likewise a change 
The feathery 
areas progress in narrow bands across the field 
of a partly transformed steel, favoring the main 
planes of the austenite and giving a geometric 
pattern along three principal directions. 
When the steel is wholly transformed at 
790° F. the structure is difficult to resolve, as 
shown in the micros on the data sheet, yet is 
very definitely different from martensite. 
Similar conditions exist in plain carbon 
steel when the quenching is done in molten salt 
or oil baths with temperatures down to as low 
as 390° F. The relations as shown on_ the 
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Transformation to Acicular Constituent after a few minutes the austenite would 

cool and transform into the hard, brittle 

TEMPERATURE OF | TIME TO TIME TO HARDNESS martensite and could no longer’ be 

TRANSFORMATION START COMPLETI Rock WELL| BRINELL atti ities Uimniin 
925° F. l sec. 11 sec. C-42 101 
850 2 sec. | 30 sec. C-41 388 TRANSFORMATION INTO MARTENSITI 

750 6 sec. 2 min. C-44 415 
650 35s sec. 8*2 min. C-50 195 

550 3'2 min. | 33 min. C-56 555 We now come to the most important 

150 > min. | 3 hr. C-58 578 action in the hardening of steel, that is, its 

350 Li min. | 4% days C-60 601 quenching so rapidly in cold baths that the 

temperature drops past the 1000" F. region 

in a second or less, thus preventing any 

S-curve may be summarized as shown above. transformation from even starting until the 

It should be emphasized that such “isother- steel cools down to 130° F. more or less. 


mal transformation at low sub-critical tempera- 
that to 
say, quenching baths are seldom or never at 300 
to 600° F, 
hot wire in the so-called patenting process are 
700° F. 


tures” does not occur in practice is 


Even the lead baths used to quench 


or higher, and the time the wire is in 
transit is so short that it is only partially trans- 
formed to acicular constituent, and the rest goes 
to martensite near room temperature. 
However, the long time required to com- 
plete the transformation at about 350° F. (nearly 
a week) accounts for an interesting fact in heat 
treatment, which has long been known to black- 
smiths in hardening plowshares. Ordinarily, in 
quenching plowshares in water, there is con- 
But the 
blacksmiths found that if the shares were taken 


siderable warpage in the thin blade. 


out of the water while they were still fairly hot, 
around 300 to 400° F., they could be bent into 


shape and the warpage 


close to the temperature of the quenching bath. 


Reference to the “S” curve will check the well 


known fact that transformation is then very 
fast, only 10 sec. being required for complete 
transformation at 150° F.. and 3 or 14 sec. al 


100° F. The resulting acicular microstructure 
is called martensite. 


a confused needle-like structure with no visible 


Martensite is composed of 


grain boundaries; its units are shaped as long, 
thin needles. Martensite is extremely hard and 
brittle and is the principal cause of hardness. 

In this structure there is no evidence of a 
laver-like separation of carbide and ferrite; in 
fact, it is believed that the carbide may not have 
come out of solution, so that martensite is some- 
times regarded as a supersaturated solution of 


When austenite transforms 


carbide in ferrite. 
to 


carbon 


at such a low temperature, the 


or 


martensite 


atoms carbide molecules are no 


longer as free to move as 





kinks straightened out. This 
be done 
if the 
shares were allowed to cool 


bending had_ to 


immediately, for 


for a few minutes they 


became glass hard and brit- 


tle, and could not be bent 
without breaking. What 





> they formerly were 
higher temperatures, and 
consequently the liberated 
carbon atoms cannot move 
far from their original posi- 
tions. As a result we have 
the anomaly of a solution 


of carbon atoms in ferrite, 











happened was that the in which it normally is 
blacksmiths withdrew insoluble. This distorts the 
the shares from the 60 ferrite lattice tremen- 
water at 400° F. before % dously, for ordinarily under 
the austenite transfor- a equilibrium conditions, the 
mation was complete, in s* ferrite lattice will not 
fact, before it even $ accommodate carbon 
started in the inside of  “ < — — atoms. This distorted fer- 
the steel mass. With oe7, “Tw & rite lattice stucture is called 











considerable austenite 


Quenched Bars Showing Hard Surface 


martensite. The distortion 


present, which is soft and Unhardened Core, Together With of the lattice may be the 
and ductile, the shares Hardness Variations Edge to Center cause of the great hardness 
could be easily bent, but : of martensite. 
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The hardness of a martensitic steel depends 
to a large extent on the carbon content of the 
steel. The hardness of quenched steel increases 
rapidly with the carbon content up to about 
0.20°° carbon, after which its increase in hard- 
ness is more gradual to about 0.55: carbon, 
whereupon the hardness is slightly affected by 
larger amounts. The National Bureau of Stand- 
ards has recently determined the hardness of 
martensite (the micro-constituent) at about 800 
on the Vickers diamond scale, which corre- 
sponds to about C-73 on the Rockwell instru- 
ment. This is a somewhat higher value than 
obtainable on the surface of fully hardened car- 
bon or $.A.E, alloy steels (C-66 or C-67 at most) ; 
the discrepancy may be due to the fact that 
quenched high carbon and alloy steels retain a 
little of the softer austenite untransformed 
complete transformation of the austenite, as 
implied by the lettering “Transformation Ends” 
on the lower part of the “S” curve, does not 


occur until the steel is tempered. 
MicROSTRUCTURE OF QUENCHED STEELS 


It has been frequently remarked, already, 
that transformation at constant temperature is a 
rare thing in practice. It was utilized by Daven- 
port, Bain, and their associates to study the 
essentials of the operation. In everyday prac- 
tice a piece of hot steel is immersed in a cold 
quenching bath. The surface cools very rapidly, 
the center much more slowly, and intermediate 
zones will cool at intermediate rates. Trans- 
formation conditions and hardness variation, 
surface to center, are shown in the figure on 
page 63 from Grossmann’s book “Principles of 
Heat Treatment”, and the adjoining sketch. 

In the light of our previous discussion the 
reasons are apparent and the microstructure 
can be predicted. At the outside is a narrow 
rim of metal which cooled fast enough to get 
by at the left of the bend in the curve at 1000°; 
this zone transformed between 150 and 200° F. 
into martensite, and its hardness is Rockwell 
C-60 or better. 

Somewhat below the surface, however, the 
cooling rate is slower, and during passage from 
tf, to ¢, part of the austenite is changing to our 
old friend, primary troostite, or the fan-shaped 
nodules of fine pearlite. Further reaction stops, 
however, during cooling between /, and ¢;; at / 
(between 200 and 250° F.) the remainder of the 
austenite transforms to martensite. In_ this 


region the boundaries of the austenite grains 


will have transformed into dark etching nodules 
(frequently there are also nodules of this type 
of transformation within the grain). Resulting 
hardness is a compromise between that of the 
part transforming at high temperature (say 
C-42) and that transforming at low (say C-60), 
depending on the relative amounts of each con- 
stituent in the quenched steel. 
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“S” Curve for Eutectoid Steel, on Which Are 
Sketched Approximate Cooling Curves al 
Surface, Center and Mid-Radius of a 1-In. 
Bar of High Carbon Steel, Quenched in Brine 


The center of the bar transforms completely 
between ¢, and ¢, into fine pearlite, with hard- 
ness of about C-42. It may be remarked that the 
microstructure does not need to be completely 
martensitic to produce the porcelanic fracture 
ordinarily thought of as representing the “depth 
of hardening”. The transition brittle 
porcelanic fracture to more ductile crystalline 
fracture occurs fairly sharply at microstructures 


that are about half martensite. S 


from 
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... in sub-zero 
operations 


DEVELOPMENT of new plastic materials, new 
processes involving the separation of gases; 
control of reaction speed and other important 
features are opened up to refiners by artifi- 
cially stimulated sub-zero temperatures. 

To take advantage of these new processes, 
metals must be employed that retain strength 
and toughness at the sub-zero temperatures 
(generally —-150° F.) involved. 

The proved stability and toughness of 
Nickel alloy steels, either cast or wrought, 
offers unique advantages to refinery opera- 
tors. Wherever problems of temperature, cor- 
rosion or wear arise safeguard your operation 

and your operating costs—by specifying the 
right Nickel alloy. For information on new 


uses of Nickel in refineries, please address: 











These valves control flow of hvdrocarbon gases 


at pressures up to 600 lbs. and temperatures 


down to —15 


0° F. Cast of 4.00% Nickel alloy 


steel by General Metals ¢ Oakland, for 
Merco Nordstrom Valve ¢ Oakland, to 
pass hydrostatic test of 1,000 p.s.i. After 
normalizing at 1800-1850° F., these valve 
bcedies were oil quenched from 1550° and 
drawn at around 1200° to develop tensile 


strength of 107,000 p.s.i. Charpy impact, key- 
F, 


hole notch 


test showed 20 ft. Ibs. at 


150 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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LETTERS FROM 


HOME 


ESTIMATION OF INCLUSIONS 


Panis, FRANCI 
To the Editor of Metrat ProGress: 

Much has been written on the influence of 
inclusions in steel. We are often inclined to 
indulge in generalizations, extrapolations, and 
premature or exaggerated hypotheses, consider- 
ing the problem only in the light of our present 
limited knowledge of steel making, and of 
chemical, micrographic or other investigations. 

In order to get a clear idea of what can 
lake place, omitting the minimum of possible 
factors, it should be recalled that inclusions are 
complex constituents existing in minute pro- 
portion and in a very finely divided state in 
comparison to the ordinary constituents of 
alloys, either visible or invisible. In transpos- 
ing to a minute scale the known facts regarding 
such constituents, a conception of the whole 
may be acquired which omits certain factors 
or modes of action, without which the concep- 
tion cannot be considered to be complete. 

In general, the effect of any constituent 
depends upon the following factors: 

1. Morphological factors — shape, size and 
dimensions, and distribution. 

2. Specific factors — nature and _ proper- 
lies in relation to those of the metal, and their 
proportion in the metal. 

3. Indirect or inferred factors — influence 
on the surrounding metal. 

The morphological factors are placed first 
because the least practical knowledge exists 
concerning their importance and mode of 
action, vet they often play a preponderant role. 

It is known that the effect of graphite on 
the malleability of cast iron is entirely differ- 


ent, depending upon whether the graphit 
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AND ABROAD 


solidifies as flakes, or as more or less rounded 
nodules; likewise, the deleterious effect on the 
tensile strength and elongation will depend, in 
either case, upon the size and proportion of the 
flakes or nodules. 

Similarly, films of inclusions, either visible 
or invisible, may have a considerable influence 
on certain mechanical properties, notably duc 
tility and path of rupture (whether across o1 
between the grains), as well as on recrystalliza 


tion and grain growth phenomena; this is in 
accordance with TAMMANN’s conceptions of sub 
stances trapped between the primary crystals 
of solidification. (It must not be forgotten that 
two metallic surfaces will adhere only when 
there is optical contact, that is, when the space 
between them does not exceed the visible wave 
length 0.0001 mm.) 


ago in Revue de Métallurgie, vol. XL (A915) p. 


= 


As we noled many vears 
155, this influence may persist through various 
heat treatments. To break up or transform this 
often invisible network into disseminated par 
ticles, it is necessary to resort to forging, or to 
the coalescence of the inclusions through their 
solubility in the metal at high temperature, or 
their coalescence by the addition of elements 
which modify the nature of the inclusion. 

As discussed in the January issue of Merat 
ProGress, page 68, certain additions (manga 
nese and aluminum in steel, manganese In 
nickel) modify the shape, the number and the 
distribution of inclusions. This is a conse 
quence of a change in the nature of the inclu 
sion and is therefore an indirect effect. 

The direct effect of the chemical nature of 
the inclusion has not vet been effectively 
observed and proven except in some special 
properties, as, for example, surface properties 


such as polish and corrosion, 


Page 67 








It must not be forgotten that since inclu- 
sions are tightly encased in the plastic mass of 
the surrounding metal, their mechanical prop- 
erties and particularly the brittleness of the 
inclusions may be modified. Therefore, 
although the degree of fineness and the num- 
ber of inclusions may, in principle, affect the 
mechanical properties, comparison should be 
made only under similar conditions of shape, 
distribution and nature of the inclusions. This 
is a fundamental requirement for the accuracy 
of those inspection methods in which the pro- 
portion of visible inclusions on a polished sec- 
tion is counted in categories according to their 
size (or length if observations are made in the 
direction of forging). However, the relation- 
ship between this physical purity and mechani- 
cal properties is far from being accurately 
known, and this is, after all, the important 
thing in practice. 

On the other hand, blowholes (gaseous 
inclusions) and interdendritic pipe in steel cast- 
ings (MreraL ProGress, August 1938, p. 152) can 
best be estimated and revealed by a study of 
the mechanical properties, particularly — the 
elongation, reduction of area and = impact 
strength; this is much more sensitive than a 
visual examination and a determination of the 
density. 

In our opinion, one of the best methods of 
estimating quality of structural steels is the 
determination of mechanical properties after 
suitable heat treatment (associating either ten- 
sile strength and reduction of area, or hardness 
and impact strength). Tests should be made 
under conditions in which inclusions have the 
maximum effect — that is, transversely. Micro- 
graphic estimation can be used as an explana- 
tory complement or as a means of information 
when it is impossible to determine the above- 
mentioned mechanical characteristics. 

It is highly recommended, in view of the 
uncertain and = subjective character of this 
method of estimation, to include a group of 
inspection methods, such as chemical analysis 
of impurities, grain size, and normality. 

While this transverse tensile test (or gen- 
eral mechanical tests) is entirely appropriate 
to determine the effect of very small inclusions 
uniformly distributed, and thus to judge the 
quality of the steel, large inclusions generally 
escape these methods, since they are only 
revealed if they are present in the tensile test 
piece or even in the zone of rupture. Yet their 


influence is considerable; as shown 20 vears 





ago in Revue de Meétallurgie, vol. XVI, p. 340, 
they become the origin of transverse fractures 
accompanied by very poor mechanical charac- 
teristics. It is therefore quite important to 
determine the presence of these large inclusions 
which the tensile test rarely reveals. 

Micrographic investigation, on condition 
that it is made over the total thickness of the 
ingot, from center to periphery (see Perrin, 
Iron Age, vol. CXL, p. 123, 1937) and if neces- 
sary alt three different levels in the ingot, may 
give the necessary information if attention is 
paid not so much to the number, but to the 
average size of inclusions; if those observed 
are small, the probability of encountering large 
inclusions is slight. 

A more extended investigation may give 
direct information on the frequency of large 
inclusions. Preferably three cuts should be 
made in a lathe or milling machine, and each 
surface carefully explored. 

The influence of inclusions on mechanical 
properties is more difficult to define if they 
modify the surrounding metal so that the latter 
may be different in nature, purity and _ struc- 
ture from the main metallic mass. Although 
this relationship may only be a concordance of 
position, as between sulphurous inclusions and 
zones of dendritic segregation, there is some- 
times a relation of cause to effect in other 
words, a direct action of the inclusion. Thus, 
inclusions may sometimes act as a decarbu- 
rizing influence, or centers of crystallization 
during solidification or transformation, and the 
principal effect of the inclusion may depend 
upon a shell of fine-grained metal, or of pro- 
eutectoid ferrite, or even a troostitic or pearlitic 
structure. 

It is entirely conceivable that the same 
inclusion may facilitate thermal regeneration or 
impede superheating, depending upon whether 
it takes the form of finely dispersed particles 
or of a network of fine films. This action 
depends on the temperature and the solubility 
of the inclusion in the surrounding medium. 

In conclusion, the following considerations 
should be borne in mind: 

1. The manufacture of steel, particularly 
its final history, is so closely related to the 
formation and evolution of inclusions that the 
study of the latter may furnish valuable infor- 
mation on the steel making process. 

2. The steel making process, moveover, 
has generally a close connection with the prop- 


erties and quality of the steel. This community 
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of origin does not necessarily establish a rela- 
tionship of cause and effect between inclusions 
and quality. Such relationship must be directly 
proved in every case. 

3. The effect of small inclusions may be 
either favorable or unfavorable and conse- 
quently it is best at present to make no definite 
statement. Large inclusions, on the other hand, 
seem to have a more definite and significant 
effect. 

1. In short, estimation of the effect of 
inclusions may be based on the number of 
inclusions or defects exceeding a certain dimen- 
sion, and substantiated by a combination of 
three tests: (a) Exploration of three con- 
tiguous surfaces, (b) micrographic examina- 
tion, (c) transverse mechanical tests, comparing 
groups of two characteristics such as tensile 
strength and reduction of area, or hardness and 
impact strength after a definite heat treatment. 

ALBERT PORTEVIN 


Professor, Ecole Central des Arts et Manufactures 


THREE LETTERS ABOUT 
NAMES FOR HARDENABILITY TEST 


PHILLIPSBURG, N. J. 
lo the Editor of MevraL ProGress: 

It was about ten or twelve vears ago that 
FRANK SHEPHERD of our organization first intro- 
duced the so-called Suernerp test, or harden- 
ability test. The penetration-of-hardness and 
fracture-grain-size test or “P-F test” came later; 
it was described at the last Metal Congress held 
in New York, which you will find was in 1934, 
The characteristics of metals for which these 
tests were designed were firstly the “harden- 
ability’, a term we have always applied to 
depth of hardness penetration, and secondly the 
“body”, or the tendency to coarsen at elevated 
temperatures. 

Problenis of manufacture at Ingersoll-Rand 
Co. are such that we are far more interested in 
the depth to which water hardening steels will 
harden than we are in the actual degree of 
hardness obtained, for it is generally found that 
water hardening steels of a given composition 
usually produce the same degree of hardness 
but not always the same depth under identical 
conditions. 

We have watched with interest the various 
attempts to develop new hardenability test 
methods, and have watched the developments 


of the old Suernerp test for hardenability, and 


so far nothing has appeared quite as useful for 
our purpose as the latter. 

The more satisfying of all our tests, which 
are made to cover the consumption of approxi- 
mately 2500 tons of high carbon toolsteel in a 
vear, are those tests where we manufacture a 
dummy article, practically identical with the 
product to be made from the steel in question, 
use a standard heat treatment and then section 
the specimen in such a manner that the reac- 
tion of the test material to the required heat 
treatment is at once obvious. A simple correla- 
tion between these practical tests and some of 
the purely laboratory tests may save some time. 
However, when manufacturing facilities are 
well organized, and the final product not too 
large nor expensive, then the safest thing is the 
semi-finished dummy part which tells at a 
glance the entire story and needs no conversion 
factors. We favor that sort of thing and see 
nothing but trouble in unwilling compromise 
before there is achieved a standard method to 
determine the metal characteristic now called 
somewhat loosely “hardenability”. 

H. L. Day 


Metallurgist, Ingersoll-Rand Co 


Proria, IL 

In reviewing the item on hardenability in 
“Critical Points” in the May issue, | find that 
the paragraph designated by the figure 5 does 
not exactly coincide with the use we make of 
the completely quenched specimen.  In_ this 
respect we have taken issue, as indicated by F 
F. VauGun’s discussion of Burns, Moore and 
Arcuer’s paper in the @ Transactions 

In the hardening of S.A.E. 1045 steel, for 
example a crankshaft, we are much more inter- 
ested in what happens within the first 14 in. of 
depth of hardening than we are in the average 
hardness, or the hardness denoted as_ the 
*S-A-C” rating. 
from the radius of a crankshaft after it had 


If we were machining ,‘y in 


been hardened and tempered to 269 Brinell 
number, but only in. depth from the surface 
was at this hardness intensity, then our labors 
would have been expended in vain. In other 
words, we have paid a high price for removing 
the very laver of hardness which we would like 
to have preserved on the ground diameter of 
the crank journal. The slope of the hardness 
penetration curve from !, to 44 in. below the 
surface of the 1-in. diameter bar is therefore the 


sage Which we apply to much of the steel of this 


. < 
5 


analysis which we consume in various parts 


July, 1939: Page 69 











nital 


Etched in 2’ 


S.A.E. 3312, Heated at 1650 


for 60 Min. Rockwell hardness number C-3 


In regard to the last paragraph, I person- 
ally like the expressions “end-quench hardness 
“section-quench hardness 
penetration”. G. C. Riegel 

Chief Metallurgist, Caterpillar Tractor Co. 


penetration” and 


CHicaGo, ILL. 

1 am led to suggest a little modification in 
the thought contained in your “Critical Point” 
on names for the hardenability test. 

It seems to me that the whole problem in 


hardenability testing is to find out how the 
degree of hardening changes as the cooling is 
slowed down. In immersion hardening, the 


cooling becomes slower as one proceeds toward 
the interior of the bar, so that one may use the 
of 


distance from the axis. 


familiar U-curve hardness plotted against 


In steels of low hard- 
enability a 1l-in. round may be employed, as in 
the 


of higher hardenability, as for alloy steels, con- 


SURNS, Moore and Arcuer test. For steels 


siderably larger sizes or a number of sizes 
are desirable, as in the studies being currently 


at Battelle Memorial Institute in 


Columbus, Ohio. 


carried out 


In the end-hardening employed by JomIny 
(a very excellent test) the slower cooling is 


encountered as one proceeds away from the 
quenched end. 

It seems to me that this viewpoint of the 
relation of hardness to rate of cooling is a use- 
ful one to point out, since it not only involves 
the true hardenability of the steel itself but also 
by inference brings in the effect of quenching 
medium. Marcus A. GROSSMANN 


Director of Research, Carnegie-Illinois Steel Corp. 
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Etched in hot sodium picrate 


F., Transformed in Molten Salt at 700° F. 


4. Magnified 1000 diameters 


VATHEWSITE 


(PseupO-\MIARTENSITE IN ALLOY STEEL 


Harrison, N. J. 
To the Editor of MevTaL ProGress: 

In the May issue you refer on page 486 t 
the name “pseudo-martensite”, and then, with 
the support of Epéar Barn, you conclude that 
the structure given that name might properly 
be called it 
transformation which formed at a low tempera- 


“bainite’, since is a product of 
ture, but at a temperature probably higher than 
200° F. 


temporaries 


I am of the large number of his con- 
hold 


esteem, and I believe it fitting and proper that 


who Doctor Bain in great 
a microstructure, the discovery of which was 
due to his keen observation, should be named 
after him. 

In our work at the research laboratory of 
Crucible Steel 
tion-temperature-time 
“PTT 


many of them are quite different in shape from 


transforma- 
call 


because 


Co. of America on 


curves, (we them 


curves” or “triple T curves” 


Barn’s original “S” curve for carbon steel) we 
have found transformation products at temper- 
1300 300° F, 


are different from pearlite and bainite. 


which 
I think 


it would be rather confusing to give all these 


atures between about and 


different products the same name. I suggest 
that the dark etching, feathery, or zig-zag struc- 
beautifully been photo- 
the 


the alloy steels, 


has SO 


VILELLA, 


ture, which 
bainite. 


fre- 


name 
Unfortunately, it 
quently difficult, as shown in the paper by Pay- 
Meral 
and 


graphed by retain 


in is 
son and Hopapp in the April issue of 
Procress, to distinguish between bainite 
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Etched in 2% nital 
S.A.E. 9255, Heated at 1700° F.. 





sorbite. However, this difficulty may be eradi- 
cated in the course of time by improvements in 
etching technique. 

I submit herewith some photographs of 
structures, formed by transformation at inter- 
mediate temperatures, which do not look like 
bainite, and which I believe should have a name 
other than bainite. These represent a_ silico- 
manganese steel (regular S.A.E. 9255) heated 
to 1700" F. and transformed at 800° F., 
chromium-nickel steel (regular S.A.E. 3312) 
heated to 1650° F. 
These structures are similar to each other but 
different from bainite in that they do not etch 
dark. They are, in fact, structures which might 
well have been called “pseudo-martensite”. | 


and a 


and transformed at 700° F. 


propose the name “mathewsite” for this type of 
structure, in honor of the late JoHN ALEXANDER 
MatTHews, an American pioneer in alloy steel 
development, and an honorary member of the 
&. Doctor Marnews guided the research work 
in this company for many years, and his name 
should be an inspiration to all metallurgists. 
It is with some degree of hesitation that | 
suggest the following tentative definitions (or 
descriptions) of the structures mentioned: 
Martensite: A structure that appears light in 
color after a relatively short etch in 2%  nital. 
With a heavier etch it shows acicular markings. It 
is relatively unaffected by a hot sodium picrate etch, 
Mathewsite: A structure that appears light in 
color after a relatively short etch in 2° nital and 
shows markings in a somewhat Widmanstatten pat- 
tern. Carbides in this structure are readily shown 
by a hot sodium picrate etch. 
Bainite: A _ structure that appears dark in 
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Etched in hot sodium picrate 
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Transformed in Lead Bath at 800° F. 


color after a relatively short etch in 2 nital, and 
shows feathery or zig-zag markings. 

Sorbite: A structure that appears dark in color 
after a relatively short etch in 2% nital and shows 
very little, if any, line or plate pattern 

PeTER Payson 


Research Laboratory 
Crucible Steel Co. of America 


COMMERCIAL TRON OF HIGH PURITY 


Turin, [rary 
To the Editor of Mevar ProGress: 

The fact is well known that the peculiar 
and useful properties of technically pure iron 
are greatly and suddenly improved when the 
remaining impurities contained in it are 
reduced below certain very low limits. In fact, 
some of the properties — like the plasticity at 
ordinary temperatures and the magnetic prop- 
erties undergo so great a change that iron of 
high purity behaves in some respects like a new 
metal, suitable for applications for which the 
commercially pure iron is inapplicable. 

Unfortunately the processes now known 
(like, for instance, the carbonyl process) for 
obtaining iron of such high purity are very 
expensive, so that the practical application of 
this useful metal is limited to very special pur- 
poses. It is important, therefore, that a new 
process has been recently developed and pat- 
ented by Mr. Arata of Rome for the economical 
production, on a tonnage scale, of iron of a 
purity greatly exceeding that of all known com 
mercial irons, and reaching the limits where the 


peculiar properties of chemically pure iron are 
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well developed. Given the conditions prevailing 
in Italy as to relative costs of coal and electric 
power, the process is now applied as follows: 
Fine iron ores — like iron sand, calcined 
pyrites, residuals of the chemical treatment of 
bauxite are smelted in an electric furnace 
with proper reducing agents and fluxes. When 
the reduction is complete (which usually 


requires the formation and skimming of one or 


Average Physical Properties of Arata Iron 





reaches 60 to 70 Brinell for a tensile strength 


not exceeding 45,000 psi. This apparent hard- 
ness is due to the effect of cold working under 
the indentor during the test. The Arata iron 
reaches 95 to 105 Brinell. Test pieces reduced 
by cold forging to 25% of their original thick- 
ness give Brinell hardnesses exceeding 200. The 
practical importance of this property is obvi- 
ous, especially for deep drawn pieces. 
Magnetic and electric 


properties correspond 





FORGED 


17.000 to 21.000 
10.000 to 42.500 


Yield point, psi. 
Tensile strength, psi 


Elongation on 5 diameters 10 to 45% 
Reduction of area 65 to 70: 





ForGED AND HEAT TREATED 


14.000 to 18.500 
38.000 to 41.000 


fully to those of the pur- 
est iron produced in any 
other than expensive 
chemical or laboratory 


50) to Die processes. Given the much 
~) O de) 


75 to 80% lower cost of this new 








two slags, according to the composition of the 
ore) the iron bath should contain a small excess 
of the reducing agents — for instance, 2‘ sili- 
con when ferrosilicon is used with the reducing 
agents. The essential feature of the new proc- 
ess lies in the exact and complete elimination 
of these residual reducing agents, without the 
slightest oxidation of the metal bath. 

It is evident that the technical conditions 
of the first, or reducing phase, of the Arata 
process may be altered in order to suit technical 
and economic conditions different from those 
prevailing in Italy, where steel scrap is scarce, 
coal comparatively expensive, and hydro-elec- 
tric power cheap. 

The cost of the new product, under present 
local Italian conditions, is approximately 80% 
above that of the best normal low carbon elec- 
tric steel. 

In its chemical purity and physical and 
mechanical properties, the Arata iron compares 
favorably with the best pure iron obtained so 
far in the laboratory or by expensive indus- 
trial processes such as the Fischer process. 

A typical analysis of the metal is the fol- 
lowing: Carbon 0.0087, manganese nil, silicon 
0.005% . 
nickel, titanium, aluminum and chromium nil, 
iron 99.976; 


phosphorus 0.002‘, sulphur 0.01‘, 


Heat treatment of the forged samples men- 
tioned in the table includes reheating to 1600 
F., quenching from 1475° F., and reheating to 
1475° F., followed by slow cooling. 

The new product shows much more clearly 
the well-known high apparent hardness num- 
ber typical of electrolytic iron which usually 
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product, the importance 
of this fact is obvious. 

Resistance to the action of many chemical 
agents is very high, and this forms another 
important property of the new product. 

The Arata iron has been already produced 
in large quantities and tested on large indus- 
trial scale for many applications. In the manu- 
facture of deep drawn pieces it is being cold 
worked in place of copper or brass, without any 
change in machinery or in tools, except that 
the number of operations necessary for obtain- 
ing a given piece may be reduced. 

FeperRIcO GIOLITTI 


Consulting Engineer 


ARE LARGE AMOUNTS OF RADIUM 
VIORE EFFECTIVE THAN SMALL? 


ANACOSTIA, WASHINGTON, D. C. 
To the Editor of Mera. PRoGREss: 

In the April issue of MeraL ProGress (page 
382) H. R. Isensurcer describes the radiography 
of very thick steel sections by means of gamma 
ravs, Wherein he says that a piece of cast steel 
9.5 in. thick “thought to be a record” was radio- 
graphed in five days with 500 mg. at a 15-in. 
source-to-film distance. This time, it was stated, 
is less than one third of the time recommended 
in the technique developed at the U, S. Naval 
Research Laboratory. 

In the initial development work of MEHL, 
Doan and Barrett, published in Transactions, 
A.S.S.T., volume 18 (1930), page 1192, may be 
found radiographs of heavy sections of 8, 10 
and 12 in., taken with radon sources equivalent 
to 2100 mg. of radium, in times around 10.5 hr. 











The technique subsequently developed is 
based on a satisfactory film density of 1.6 units 
Under the 
experimental conditions mentioned, the neces- 
to the Navy 


By employing double 


on the H.&D. scale for a single film. 


sary time, according 
Chart, is about 330 hr. 


viewing, however, only 0.6 of this time, 198 hr., 


exposure 


or 8 days, is required, which is less than twice 
the time said by Mr. IsensurGer to be correct 


according to his book “Industrial Radiog- 


raphy”. This book was consulted and it was 


found, by extrapolating his chart to 9.5 in., that 
an exposure of about 75,000 millicurie-hours or 
150 hr. with 500 mg. would be required. This 
is a time coming closer to 644 days than 5 days. 
chart is based on a_ time 


Furthermore, his 


required to give a density of 0.7 unit, and 
using two films between three lead intensifying 
of 0.005 (not 0.06 in. 


mentioned in the letter 


screens in. thickness as 
doubtless a slip of the 
typewriter or the printer). Whether single or 
double viewing is employed is not stated in 
the letter. 

Furthermore, it is stated that the film was 
developed at a temperature above 70° F. for a 
time of 10 min., while standard practice calls 
70° F, If the 


writer used fresh developer, it is possible that 


for 8 min, at in fresh developer. 


additional density, contributing nothing to the 


quality of the negative, has been gained by 
chemical fogging. 
It is mentioned that a ,,-in. thick pene- 


trameter on the source side of the test piece 
failed to show, and thus no information is given 
about the possible sizes of defects that may be 
revealed in this rapid technique. 

While the letter says that an area of 10-in. 
diameter on the casting is covered, it is not 
the front or back. A 
simple pencil construction will show that if this 
the the 
have to travel through 20 in. of steel; if it is 
the the of 


viewed is in a circle of 3.66 in. diameter. Defects 


stated whether this is on 


area is on front outermost rays will 


on back, frontal area the casting 
outside this circle on the front will be missed. 

Finally, but most important, is Mr. Isen- 
that of 


radium are somehow more effective than small 


BURGERS implication large amounts 
amounts used for proportionately longer times. 
Since the strength of a source of radiation is 


measured by the energy flux per unit area nor- 


mal to the direction of propagation at some 
arbitrary point, this implies that the well- 


known photographic “reciprocity law” is not 


valid for gamma rays. In all work carried out 
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at the Naval Research Laboratory, using only 
lead intensifying screens, it has always been 
found that the required exposure time varies 
inversely as the strength of the source 

With increasing thickness of section, radio 
graphs made even with standard photographic 
technique are none too good, due to the increas 
ing effect of scattered and secondary radiation 
Any real advance in the radiography of thick 
steel sections must include means of removing 
or reducing the effects of secondary and scat 
tered radiation. 
IKK AISER 
Physical Metallurgy 


I aborator, 


Henman F, 


Division of 
Naval 


Research 


Vin. ISENBURGER’S REPLY 


Mr. Kaiser seems to agree with my conclu 
sion that this work is very diflicult and needs 
considerable research before it can be done on 
He 


drawn attention to an omission and the error in 


a reliable and satisfactory basis. has also 
I should have 


thickness of the lead X-ray foils. 
that the first 


radiograph such a great thickness of steel in 


mentioned this was attempt 


actual field work, whereas the original research 


by Doctor Ment and his associates was done 
under laboratory control and facilities. 

As far as the exposure charts are con 
cerned, I regret that [| cannot agree with Mr 
Kaiser, I extended our charts and found 
approximately 60,000 millicurie-hours, the time 
which I actually used. The exposure time in 


accordance with the Naval Exposure Dial was 


the W hile 


exposed two films, only one was used in reading 


over we 


me telephone. 


given to 
the gammagraph. 

When the first films were processed unde 
standard technique, the negatives were too faint 


We added 


potassium iodide and warmed up the devel 


to amount to anything at all. then 


oper, which was not exactly fresh any more 


The 
the hole in the 2° marker facing the film. 
was made to show that 
but the 


casting 


result was a fair negative which showed 


This 


we cal 


last statement 


conditions 
thre 


anything 
the 


not depend on 


through the section of facing 
photographic film. 

With respect to Mr. Katser’s last paragraph, 
that 


will 


mention we 


we have developed cer 


the 


may 
filters 


secondary and scattered radiation. 


tain which eliminate most of 


Herbert BR. ISENBURGER 


President, St. John X-Ray Service 
Long Island City, N. \Y 
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P HK R s () N A | S Transferred: Jack C. Ranney T. F. Schilling &@, president of 
a . 4 7% ©, from the cold roll laboratory, Manutacturers and Fabricators, 


Cuyahoga Works, American Steel Inc., Cleveland, announces the 
& Wire Co., Cleveland, to New removal of their offices and plant 
J. M. Brownback & received his York as commentator at the U.S. to new and larger quarters at 
degree of metallurgical engineet Steel Subsidiaries Exhibit at the Elyria, Ohio. 
from University of Illinois) on World's Fair. 


Appointed general superintend- 
ent, Babcock & Wilcox Tube Co., 
Beaver Falls, Pa.: Luke E. 


June 12 and is now with the - . 
r. H. Sanderson ©, formerly 


\ ; ¢ Co ec: a ‘ 
lueller » Decatur, Ill contact representative of the 


Richard Rimbach @ has been metallurgical division at Chicago, : ; 
; ; Sawyer, formerly assistant gen- 
appointed technical advisor to has been made assistant to super- ) nt le 
‘ ' eral superintendent. 
R. C. Enos, president of Standard intendent, rail mill, Gary Works | 
Steel Spring Co., Coraopolis, Pa of Carnegie-Ilinois Steel Corp. 
| pian : 5 | Henry A. Weyer, engineer, for- 


merly with Nazel Engineering & 
Machine Works of Philadelphia, 
is now with Chambersburg Engi- 


neering Co., Philadelphia. 


Vincent H. Godfrey has joined 
the general sales stalf of the Page 
Steel and Wire Division of Amer- 
ican Chain & Cable Co., Ine., 


Monessen, Pa. 





Awarded the Edward Long- 
streth medal of the Franklin 


Institute for his discovery of elec- 


SOLUTIONS 


_MADE POSSIBLE BY 






trolytic color plating: Jesse E. 
Stareck, research laboratories, 
United Chromium, Inc., Water- 






bury, Conn. 


Honored by a dinner and 
plaque for 50 years continuous 
service with Revere Copper and 
Brass, Inc.: Clarence S. Parker, 
now serving in an advisory 
capacity to the mill at Taunton, 


Mass. 


G. W. Higgens @ is now 
employed by the National Malle- 
able & Steel Castings Co., at the 


Chicago plant. 





INSURE BETTER WORKMANSHIP 


Phone or write today for Free Working 
Sample and 24 page booklet describing this 
highly recommended modern grinding lubricant. 


D. A. STUART OIL CO. Lid. 


CHICAGO, U. S.A. - - - EST. 1865 


Warehouses in Principal 
Industrial Centers 


Robert G. N. Evans @, for 


many years engineer in charge of 






research for Bunting Brass & 






Bronze Co., has removed to Mil- 





waukee and established himself 


as consultant on lubrication and 





bearing problems. 






Made district sales manager of 









the New England territory, Alle- 
gheny Ludlum Steel Corp.: W. L. 








Please address request for free sample and booklet to our Weaver @, formerly special rep- 

general offices at 2727 SOUTH TROY STREET, CHICAGO resentative in Watervliet, N.Y. 

J. F. Dolan, Jr. @ has been made 

Watch For “STUART OILS” In Operation At assistant district sales manager 
Cleveland Machine Tool Show in New England. 
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A CAST IRON THAT CUTS COSTS 


Especially tough service requirements need not call 
for expensive alloy combinations. Ojten a less costly, 
but judiciously chosen, material will do the work. 

Such was the case with castings for reservoir dis- 
charge nozzles and lock-gate valves. Physical specifi- 
cations called for 55,000—65,000 p.s.i. tensile strength, 
5,300—6000 lb. transverse strength (12” centers), 220- 
240 Brinell hardness. 

All this plus the ability to withstand the corrosion of 


water containing sulphuric acid from mine drainage. 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 






Climax 
500 Fi 
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Copper-Molybdenum iron containing 0.80 — 1.00°% 
Copper and 0.30 — .40°. Molybdenum met all the re- 
quirements of strength, hardness and acid resistance. 
The lock-gate valves have been in service 2'2 years 
without noticeable signs of corrosion or erosion. 

Investigation may show where you, too, can apply 
Molybdenum iron to advantage. Our technical book 
“Molybdenum in Cast Iron” which contains wealth of 
practical data, will be sent free on request to interested 


production executives and employees. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


pany 
k City 











> T Samuel L. Hoyt, © trustee, 
I K R S O N A L S formerly director of metallurgical 
: research with A. O. Smith Corp., 

has joined the staff of Battelle 


Walter P. Wallace @ of Colum- Memorial Institute as technical 
bia Steel Co. is research attendant advisor in the planning and con- 
at the U.S. Steel Exhibit, Golden duct of metallurgical research. 
Gate International Exposition in George L. Kehl @, assistant 
San Francisco professor of metallurgy, Lehigh 

F. W. Patterson @ has severed University, will be associated 
his connection with the Small with the United States Steel Corp. 
Arms Factory, Wales, Australia, Research Laboratories at Kearny, 
and is now in consulting practice. N. J., after August 1. 








We HOLCROFT™ Annealing 
‘  MALLEABLE CASTINGS 


Annealing miscellaneous malleable castings is a 
steady diet for the Holcroft short cycle malleable 
furnace shown above. 


From 18 to 22 tons of castings are annealed in 24 
hours with this unit. Work is pushed through fur- 
nace on three rows of trays by mechanical pusher. 
Total annealing cycle is 14 hours and maximum 
temperature 1720 F. 


This is just another example of a Holcroft engi- 
neered solution to a heat treating problem. Experi- 
ence gained in such installations is yours for the 
asking. Just drop us a line describing your heat 
treating problem. We'll be glad to offer our recom- 
mendation at no obligation. 


OLCROFT & COMPANY 


bk Leaders in Building and Designing Electric and Combustion Furnaces, Kiins a 














S—— | <-- 
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Selected to deliver the Edgar 
Marburg lecture of the American 
Society for Testing Materials: 
Herbert Fisher Moore @, research 
professor of engineering mate- 
rials, University of Illinois. 

Wm. M. Kahlbaum @, formerly 
assistant superintendent, the Mid- 
vale Co., is now metallurgist at 
Watervliet Arsenal. 

Charles Lee Clayton @ of the 
wire and nail mill of Columbia 
Steel Co., Pittsburg, Calif., has 
been transferred to the United 
States Steel Exhibit at the Golden 
Gate International Exposition. 


Charles J. McCarthy ©, for- 
merly assistant general manager 
of Chance Vought Aircraft Divi- 
sion, is now assistant general 
manager of the newly merged 
Vought-Sikorsky Aircraft Divi- 
sion of United Aircraft Corp. 


Glen R. Ingles @, on leave oft 
absence to study metallurgy at 
University of Illinois, will return 
to the metallurgical laboratory of 
Reed Roller Bit Co. in Houston, 
Texas, for the summer. 


J. A. Rutherglen &, mechanical 
engineering graduate from Ore- 
gon State College, is entering the 
service department of the Electro- 
Motive Corp., General Motors sub- 
sidiary in La Grange, Ill. 


Ashland Henderson @, Univer- 
sity of Cincinnati, is metallurgist 
with the Standard Division of 
Frigidaire Division of General 
Motors Corp., in Dayton, Ohio. 


C. W. Gisner @, formerly plant 
engineer, R.C.A., Camden, N. J., 
is now tool engineer on steam 
turbines and steam turbine gen- 
erators at General Electric Co. in 
Schenectady. 


Selected to receive the Edward 
Goodrich Acheson gold medal of 
the American’ Electrochemical 
Society: Francis C. Frary ©, 
director of research of Aluminum 
Co. of America. 

Retired: Fred T. Llewellyn 6, 
as research engineer for United 
States Steel Corp. 





A Bethlehem High-Speed Steel 


for every need 


WHATEVER the machining job may be, Bethlehem has a 
high-speed steel that will fully measure up to your require- 


ments. Five general types are available for your selection: 


Bethlehem Special. The 18-4-1 type is our standard 
grade, the oldest, the most extensively used, and the 
best general purpose high-speed steel. 

Bethlehem Extra Special. A 14-4-2 steel developed 
from the original 18-4-1 type. The tungsten content has 
been lowered and the vanadium content raised, resulting 
in a steel with improved toughness which is excellent for 
intermittent cutting. This steel finds its widest use for 
rough cuts and lathe work. 

Bethlehem H.V. A high-speed tool steel of the 18-4-2 


type. Its increased carbon and vanadium contents 


improve its ability to withstand frictional abrasion. 


It is an excellent steel for cutting hard abrasive 
materials. Its high carbide content enables tools made 


of it to produce a smooth finished surface. 


Bethlehem Comokut is essentially an 18-4-1 steel with 
approximately 5 per cent cobalt. The latter element in 
creases its ability to retain hardness at red heat so that 
deeper cuts at higher speeds can be maintained, making 


4 


it definitely superior to 18-4-1 on heavy roughing cuts. 


Bethlehem H.M. is a molybdenum type of high-speed 
tool steel made under the MoMax patents, and although 
it has other applications, is used primarily for cutting 
tools. Where both initial cost and service performance 
are considered it is frequently found equally satis 


factory to the 18-4-1 type. 


For complete information about these and all other 
grades of Bethlehem tool steels, telephone or write the 
Bethlehem district office near you or direct to Bethle- 


hem Steel Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY 






















TH Columbia 


HOUS _TOOL STEEL 


LE SCORES AGAIN™ 
$30,083.00 is another news- 


worthy size repeat order for Pangborn 


Airless ROTOBLAST cleaning equipment. 









EXPERIENCE 


Increasing thousands of users 
are proving the extra value of 
these tool steels made with the 
most advanced methods plus 
old-time craftsmanship. 







Many users are expressing 
their pride of performance with 
these steels. 





Others competed for this automobile plant 
installation—but the Pangborn ROTOBLAST 
was selected because its eemaeiinaenn past | G : ] t Steak 
performance has proven its greater pro- | —— — —~* 
duction efficiency and operating economy. 


® Additional outstanding ROTOBLAST cleaning equip- et) Op. 8 :) FW tl ) Any 











ment orders recently received include one for apne. & CLAENSe, FOsEENs 
$17,063.00—another for $11,382.00—another for 500 T 14TH. STREET + CHI 
$10,100.00—and another for $9,842.50—plus those 
of lesser amounts. 
7 o 
@ 'ndividual large Pangborn DUST CONTROL Eclipse 
equipment orders also received include one for 
$18,129.00—another for $10,160.00—another for Gas-Fired Pot Furnaces 
$8,559.00—and many smaller installations. for 


$0 WHAT? Proof that Industry has learned through Lead, Cyanide & Salts 


thirty-five years of satisfactory service that 
it pays well to consult Pangborn engineers when considering 
new blast cleaning and dust control installations. No 
cost or obligation involved. Write today for the information 


you want. “Come to Pangborn” 
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PalGBUnT 


WORLD'S LARGEST MANUFACTURER OF BLAST 
CLEANING AND DUST CONTROL EQUIPMENT 


PANGBORN CORPORATION e HAGERSTOWN, MD. 


1. Made in a complete range of sizes. 

2. Furnished complete with Eclipse Pressed 
Steel Containers. 

3. Equipped with Automatic Air-Gas Propor- 
tioning Equipment. 


Write for Bulletin D5J 


ECLIPSE FUEL ENGINEERING COMPANY 


ROCKFORD ILLINOIS 
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B&L SPECTROGRAPHIC —_ 


Accuracy and simplification of both qualitative and GAL LARGE LITIROW SPECTROGRAMEC EQUIPIRENT 


W 1¢ d . sO a | } gh reso ) ak ‘ S| oO 

quantitative work is the reason for the universal graph valuable for accurate routine a a trol analyses 

. . : 2 Z in dithcule work with che most! ved spectra. Rugged 

acceptance of B&L Spectrographic Equipment mechanical construction insures permanent alignment and 

- - / ot I f ( al W lene! 

throughout the fields of Research, Industry and mise Op r a “ 

Education. ——, 1 po eer we saieen”. SS 
special o ¢ dw ] 11 


Bausch & Lomb Spectrographic Equipment is de- [he entire spectrum can be covered in 3 expo 
signed to meet the expanding usefulness of spectro- 












graphic methods in analysis. Accordingly in the 
B&L Line a variety of equipment ts provided so that 
specific needs are fully satisfied. Domestic availability 
of accessories, parts and service isan added advantage. 
Write for the B&L Spectrographic Catalog D-20 to 
Bausch & Lomb Optical Co., 638 St. Paul Street, 
Rochester, N. Y. 


5) 





BAUSCH &- LOMS 


FOR YOUR EYES, INSIST ON BAUSCH & LOMB EYEWEAR, MADE FROM BAUSCH & LOMB 
GiASS TO BAUSCH & LOMB HIGH STANDARDS OF PRECISION « « «© «© © © ws @ « 
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BO O K S 


FORGING HANDBOOK 


by Waldemar Naujoks, Chief Engineer 

The Steel Improvement & Forge Co., 

and Donald C. Fabel, Head of the 

Department of Mechanical Engineering, 

Fenn College. 

The first book to cover the 
entire forging field—including 
design, processes, materials, 


tools and dies, new develop- 


ments, etc. 





a rew “Famous 


WHEELABRATOR 72st 


Accomplished Without 


Extremely valuable to the 


buver and maker of forgings. 


Gives entire background of 
forging industry for the stu- 
Answers questions: How 


What 


dent. 


can it be designed? 


materials shall I use? Can it be 


What is standard 


llow about best heat 


forged? 
practice? 
treatment? 
Practical experience with 
technical background gathered 


from experience of scores of 





COMPRESSED AIR OR PICKLING 





rounds, etc. 


treat shops, etc. 


* 


A WHEELABRATOR Special Cabinet Used for Cleaning 


Tractor Cylinder Blocks. 


i THE 





First commercial installation to descale billets, sheets 


merican 










First commercial installation to blast large castings 
on a mono-rail conveyor (as used for cylinder blocks, 
clutch housings, bath tubs, etc.) 


First commercial installation to cut stove iron to get 
superior holding surface for enamels. 


First to clean cylinder blocks without removing from 
cooling conveyor. 


First to apply standardized equipment to all of the 
blasting operations in foundries, forge shops, heat 





WHEELABRATOR 
SPECIAL CABINETS 


HAVE MADE 
CLEANING ROOM 
HISTORY 





FOUNDRY EQUIPMENT CO. 


511 S. BYRKIT STREET 
MISHAWAKA 


INDIANA 
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inanufacturers ... presented in 


interesting style ... easily read 
. authentic and complete. 

630 pages ... over 400 illustra- 

tions... dozens of tables... 


red, cloth bound, 6x9 ... .$7.50 


HARDENABILITY 

OF ALLOY STEELS 

A series of papers on hard- 
enability presented at the 1938 
Detroit Metal Congress. 

Every phase of hardenability 
in the medium and low alloy 
steels (up to 5% alloy) is cov- 
ered by this comprehensive, 
320-page book. 

Written by 


varied experience in practical 


men with a 


metallurgy, the papers cover 
the physics of hardenability . . . 
effect of 


silicon and aluminum addition 


hardenability tests... 


on hardenability of commercial 
steels ... relation of quenching 
to hardenability .. . low chro- 
mium steels transverse 
hardness tests... hardenability 
line... plain carbon steels... 
hardenability in light sections. 
$20 pages ... 161 illustrations 
red, cloth bound, 6x9 . . . $3.50 
ENGINEERING 

ALLOYS 

by N. E. Woldman and A. J. Dornblatt 

This one-volume library of 
alloy information is the accu- 
rate, convenient solution to 
your most difficult alloy prob- 
lems. Now you may have at 
vour finger tips the tradenames, 
the properties, the composition, 
the uses and the manufacturers 
of 8206 important commercial 
alloys from all over the world. 
Five years of painstaking effort 
on the part of the authors and 
alloy manufacturers have made 
this book a 


pedia of alloys 


virtual encyclo- 
an engineer- 
ing tool you should have on 
your desk. 

Cloth Binding, 64% 
$10.00 


622 pages 
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Yow, aa LOW COST 
CYANIDE COPPER PLATING 


















REG.U.S pat. OFF 


High Speed 
COPPER PLATING 
LTS 


for the du Pont High Speed Copper Plating Process 












Available immediately at lower prices, the new and im- 
proved High Speed Copper Plating Salts provide these 


outstanding advantages: 


* Highest Purity - insolubles are re- * Can be used to maintain present 
duced to 0.01% or 1 part in 10,000. High Speed Copper Solutions for new 


; . ; salts dissolve readily in the bath and 
* Free from dust and white in color. J 
are entirely compatible. 


Dissolves easily in hot water giving aa ; ; 
The new and improved High Speed 


clear solution without filtration. cat , 
Copper Plating Salts are representative 


* No filtering required unless impuri- of the many developments of du Pont’s 
ties are introduced into bath from Electroplating Research. Write to-day 
other sources. for a demonstration in your plant. 


Plan to visit the DuPont exhibits at the GOLDEN GATE INTERNATIONAL 
EXPOSITION in San Francisco and at the NEW YORK WORLD'S FAIR 


E. I. DU PoNT DE NEMouRS & Co., INC. 
Electroplating Division, Wilmington, Delaware 


ELECTROPLATIN G Chicago, Ill. Detroit, Mich. Niagara Falls, N.Y. 


CHEMICALS - PROCESSES - SERVICE Cleveland, Ohio New York City El! Monte, Calif. 
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METALLURGICAL 
MOUNTINGS 





8B 


SPECIMEN 
MOUNT PRESS 


Pioneers a new technique for 
the metallurgist, and solves the 
oroblem of specimen mounting. 
It eliminates differential etch- 
ing action frequently encoun- 
tered with fusible alloys. The 
advantages of extreme edge 
studies, convenience in hand- 
ling, speed and economy, con- 
tribute to the popularity of the 
new AB Specimen Mount Press. 





TRANSOPTIC 
MOUNTINGS 


The dream of the 
metallurgist became 
true with our intro 
duction of the trans 
optic mounting tech 
nique. For visibility 
of specimen from all 
sides, for ease in 
making electrical con- 
nections in electrolytic 
etching, Transoptic 
mountings are a def- 


inite step forward. 





ALL STEEL SECTIONAL 
AB SPECIMEN CABINET 


provides convenient storage 
space for 600 specimens per 
6-drawer section. Indexed spac 
ers keep each specimen in it 
own compartment. 





ASK FOR YOUR COPY OF “THE METAL ANALYST” 


OPTICAL INSTRUMENTS « METALLURGICAL APPARATUS 


228 NORTH LA SALLE 





ST.** CHICAGO ILL. 


Metal Progress; Page 84 















re a Kes eo INN Se ee 2 CS 
- RSS 
5 *¢ 


FINE TOOL STEELS 


ment 
keen 


to ma 
regrin 
costs 





more 


type> 
custom 

ing Vulcan 
Speed Steel 


type- 


CRUCIBLE STEEL CO. 


ALIQUIPPA, PA. 








\8\ HEPPENSTALL 
—\g\ SHEAR KNIVES 
Lj KLEENKUT 


7/\ | HOTKUT 
| SLABKUT 


EIS. 
DURKUT 


HEPPENSTALL COMPANY 


PITTSBURGH - BRIDGEPORT - DETROIT 
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Insulated Steel Cased Ingot and Billet Heating Furnace at Columbia 


Tool Steel Company, Chicago Heights, Illinois. A special feature 
of this furnace is that it can easily be jacked up on rollers and 
moved to a new location if desired 























There’s Nothing Like GAS For 
HARDENING - ANNEALING - TEMPERING - NORMAL 
IZING BLUEING CARBURIZING FORGING 
GALVANIZING - CORE BAKING - MALLEABLEIZING 
NITRIDING and many Processes 





other Industrial 








“DECIDED REDUCTION 


in scale and surface decarburization with 
GAS-FIRED BILLET HEATING FURNACE” 


Added improvement in material processed; 
longer furnace life, and reduced repairs to re- 
fractories; a decided reduction in scale and 
surface decarburization, and therefore a 
greater net return per pound of material 
processed—these are money-saving, profit- 
making advantages which the Columbia Tool 
Steel Company attributes to the new, insu- 
lated, steel cased, ingot and billet heating gas 


AMERICAN GAS ASSOCIATION 


INDUSTRIAL GAS SECTION 
420 LEXINGTON AVE., NEW YORK 


July, 1939; 


furnace shown above. 

Modern gas fired equipment for all heat 
treating purposes gives you these, and other 
important advantages, because GAS is quick 
heating, clean, flexible, accurately control- 
lable both as to temperature and furnace 
atmosphere, and, of all fuels, highest in 
utilization value. 


Investigate what GAS can do in your plant. 







« > z . oy i 2 8 > + 
: cS “fe ¥ : 
ee te ‘ MG otk (i ty etl 


iam 
fe THE TREND ‘ropa! FOR ALL 








INDUSTRIAL HEATING 


Page 85 








Charles Hardy 








Charles Hardy, whose name is_ practically 
synonymous with powder metallurgy and who was 
one of the pioneers in this comparatively new field, 
was born in Schleswig-Holstein, studied in Ger- 
many, London, and at Columbia University, New 
York. 
metallurgical problems have taken him to approxi- 
In the United States 


he started the first recovery plant and zine smelter 


He estimates that his studies of mining and 
mately 40 different countries! 


in Arkansas and operated the first magnetic separa- 
tion plant for tungsten in New Jersey. He has 
written much about the minor metals, tungsten, 
molybdenum and the alkaline earth metals, to say 
nothing of powder metallurgy. 


One who has come up through the ranks is 
P. A. Abe, works manager of the Monarch Machine 
Tool Co., Sidney, Ohio. 
ist apprentice in the plant of the St. Marys Engine 


Serving first as a machin- 


Co., he started with Monarch in 1916 as a lathe 
operator. The intervening 23 years have seen him 
rise through the various stages of toolmaker, tool 
room foreman, general foreman, and superintend- 
ent, to works manager and to election as a direc- 
tor two years ago. He has charge of engineering, 
research and production at Monarch. 

As efficient in making its results available to 
the public as in doing the actual research work is 
the brilliant staff of 
Department of Engineering Research, as witness 


University of Michigan’s 


the article describing a spectroscopic laboratory. 
Of the authors, Ralph A. Sawyer has been at Uni- 


Ralph 








AUTHORS IN THIS 











ISSUE 


versity of Michigan since 1919 as instructor in 
professor, associate professor 
His A.B. came from Dartmouth 
in 1915 and Ph.D. from University of Chicago in 
1919. As a John Simon Guggenheim Memorial 
Fellow he studied at the Physikalisch-Technische 
Reichanstatt in Berlin in 1926-27; returned to Ger- 
many in 1931 for further study. H. B. Vincent, 
Queen’s University, Canada, A.B. 1923, A.M. 1924, 


won an entrance scholarship, prizes in mathematics 


physics, assistant 


and full professor. 


and French and a fellowship in mathematics. As 
instructor in physics at Michigan he gained a Ph.D. 
and a Sigma Xi key in 1926. After a year as a 
National Research Fellow at Harvard, he returned 
to Michigan to the Department of Engineering 
Research. His title is now research physicist. 
While G. R. Fitterer’s researches have devel- 
oped the widely used silico-manganese scavenging 
deoxidizers, the “silicon deoxidation constant”, and 
electrolytic extraction method for non-metallic 
inclusions, he is perhaps best known for his car- 
bon-silicon carbide thermocouple for liquid metals. 
His interest in the problems of steel making got 
its start during his years with the Bureau of Mines 
in Pittsburgh, where he went in 1927 on a fellow- 
ship to work on the “Physical Chemistry of Steel 
program of the Metallurgical Advisory 
In 1931 he became head of the metallurgy 


Making” 
Board. 

department of the Bureau of Mines and received 
his Ph.D. from University of Pittsburgh. In 1934 
he left the Bureau to organize the Fitterer Pyrom- 
eter Co. of which he is still a director, and in 
1935 joined the teaching staff at Pitt. 





Sawyer 
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H. B. Vincent G. R. Fittere 
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HD-TENSILE 
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@ TOUGH, DUCTILE WELDS. Hi-Tensile “G"’ produces strong joints 
that withstand shock and strain. Tests on Hi-Tensile “‘“G’’ welds 


show surprising elongation 


@ HIGH SPEED AT ALL CURRENT VALUES. Welders say that Hi 
Tensile ‘‘G’’ can ‘‘stand the heat’’ better than any rod they’ve ever 


used—and that it’s the ‘‘coldest-running’”’ rod 


@® SMOOTHNESS OF BEAD. We know of no rod that runs more 
smoothly and leaves a smoother bead. Very little spatter: 

@ ADAPTABILITY. This rod is practical for use under all conditions 
on production, maintenance and construction work 

BUY ACCO QUALITY in Page Welding Electrodes, Page Chain Link 
Fence, Tru-Lay Preformed Wire Rope, Reading-Pratt & Cady Valves 
Campbell Abrasive Cutting Machines, American Chains (Welded and 
Weldless) and Wright Hoists 


See Your Local Page Distributor 


PAGE STEEL & WIRE DIVISION «+ MONESSEN, PENNSYLVANIA 


See our exhibit, Metals Building, New York World's Fair 
Rg 





AMERICAN CHAIN & CABLE COMPANY, Inc. 





&e AMERICAN CHAIN DIVISION e@ AMERICAN CABLE DIVISION e ANDREW C. CAMPBELL DIVISION @ FORD CHAIN BLOCK DIVISION @ HAZARI PE 

DIVISION e HIGHLAND IRON AND STEEL DIVISION @ MANLEY MANUFACTURING DIVISION e WEN SILENT SPRING MPANY, IN @ PAGE STEEL ANI 

§ WIRE DIVISION e READING-PRATT & CADY DIVISION e READING STEEL CASTING DIVISION e WRIGHT MANUFACTURING DIV N @ IN CANADA MINION 

Ww CHAIN COMPANY, LTD. @ IN ENGLAND: BRITISH WIRE PRODUCTS, LTD. © THE PARSONS CHAIN COMPANY, LTD. « In Business for Your Safety 
of 
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Small, intricate machined parts are no 
longer a problem to heat treat when using 
this Reciprocating Full Muffle Machine. 

Decarburization, distortion (warping) 
and scaling are eliminated due to atmos- 
phere control and uniform heating. 

These machines are serving many on 


difficult problems of this 
nature. Can they be of 
service to you? 


Write for bulletin MP739. 







deerican Gas Furnace Co. 


Elizabeth, New Jersey 





16 PIECES AT ONCE os. 


a Be 
[he first job a Hartford manu- 1 > 
facturer cut on their new DoAIll. ¢ 24, \ 
16 pieces at the same time, - _ a By ae 


each " thick; outer diameter 
of plates 8”. Accuracy .003” top f 
to bottom, using disc cutting \ , 
No other method 


will turn out such accurate work and Save 30 Hours Doing It. 


Meet Greater Speed 


attachment 


Challenge for 


Today's 























Contour Sawing is the new DOoAll proc 
ess of machining Recognized as the fast 
est precision method of removing metal 
cuts out internal and external shapes from 
any metal up to {0 thick 


Does work of 3 machines DoAll is a 
moderately priced rugged precision ma 
chine tool that replaces shaping milling 
and lathe work on a targe variety of jobs 
with enormous savings 


Used in targe and smali plants in 30 
countries by such firms as Ford Fisher 
Body Cadillac, Baidwin Locomotive 
Douglas Aircraft, U. S. Navy, International 
Harvester, General Electric Westinghouse 
Ace Tool & Die Glenn L. Martin, ete 


» Machine 
BAND SAWING 
BAND FILING 
BAND POLISHING 

* 






FR f New Hanapook on MP. 7 
Contour Machining Send data on the DoAll 
—100 pages of valuable metal work- Send Free Mandheck 
ing helps 
Name 
CONTINENTAL MACHINES, Inc. pov 





1307 S. Washington Ave., Minn., Minn 









of SIL-FOS and EASY-FLO 








speed and economy 


ee bf 
WATCH 
the ring of 
brazing alloy 







THE EXTREME FLUIDITY of Sil- 
Fos and Easy-Flo is the secret of the 
fine joints they make. 

Like a flash, these alloys penetrate to 
every crevice of a joint and right into 
metals too. That’s why such a small 
amount makes strong, sound joints; 
why they greatly reduce brazing time 
and save gases; and why little or no 
clean-up of the finished joint is re- 
quired. 

It’s the silver in Sil-Fos and Easy-Flo 
that makes them so penetrating—free 
flowing to a degree no brazing alloy 
without silver can approach. 

The low working temperatures of 
Sil-Fos and Easy-Flo add to their speed 
and economy by further savings in 
time and gases and also guard metals 
against damage to physical properties. 

If the joining of ferrous and non- 
ferrous metals is part of your work, 
Sil-Fos and Easy-Flo no doubt can im- 
prove joint quality and cut your braz- 
ing costs. Write us for details. Ask for 
Bulletins MP-5, 9 and 10. 


a Oe Me 


HANDY & HARMAN, ' 82 Fulton St., New York, N.Y. 





Agents in Principal Cities 
in Canada: HANDY & HARMAN of Canada, Lid., Toronto 
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Weighing up to 
65 Tons — 


49 in. dia. by 180 in. Body a | 


Economically Heat- Treated 


Six Car-Bottom Annealing Furnaces at United Engineering and Foundry Company, 
Vandergrift, Pa. Lined with B&W Insulating Firebrick. Designed and built by 
George Naismith and Son, Pittsburgh, Pa. 


Significant Facts 


These six modern furnaces are natural gas fired; B&W Insulating Firebrick have helped to save 
they were built in 1936 and 1937. Furnace fuel, reduce annealing time and speed up pro- 
dimensions (inside): Three are 7 ft. wide by 38 ft. duction. Due to their high insulating velue, e 
long; two are 7 ft. wide by 42 ft. long; one is 16 ft. 
wide by 34 ft. long; all are 7 ft. high car-top to skew 
line. Construction: side and end walls 13'2in. B&W 
Insulating Firebrick plus 11 in. insulating block; 
roof and doors, 9 in. B&W Insulating Firebrick. Bulletin R-2-F gladly sent upon request. 


THE BABCOCK & WILCOX COMPANY ... Refractories Div... .19 Rector St., New York, N. Y. 


very uniform temperature is maintained through- 


out each furnace. 


BABCOCK & WILCOX 
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LECTRODRYER 

































The LECTRODRYER dries air and other gases to 
very low dewpoints. This equipment has been found 
particularly useful in the drying of controlled atmos- 
pheres, in bright annealing, and other heat treating 
processes. We will be glad to furnish additional 
details. Write for bulletin BD. 


PITTSBURGH LECTRODRYER 


CORPORATION 


32nd STREET AND ALLEGHENY RIVER 





PITTSBURGH, PA 























Break Records-for Service 








HEPPENSTALL COMPANY 


PITTSBURGH - BRIDGEPORT - DETROIT 
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BOOKS 


Ir IS impossible to carry a complete 
knowledge of metals in your head. 


It is possible to have books in your 
library which cover many phases of your 
industry completely and well. 


The books listed below do just that. 
Look them over and then write for com- 
plete details. We'll be glad to tell you 
more about them. 


Carburizing Symposium 

Open-Hearth Steel Making 

Engineering Alloys 

Book of Stainless Steels 

Physical Testing of Metals 

Steel Physical _atieonon Atlas 
Metallurgical Dialogue 

Principles of Heat Treatment 

Tool Steels 

The Quenching of Steels 

Grain Size Symposium 

Application of Science To the Steel Industry 
Lectures On Steel and Its Treatment 

Heat Treatment, Uses and Properties of Steel 
Nitriding Symposium 

Constitution of Steel and Cast Iron 

Inclusions In lron 


Metals Handbook 


address your inquiry to the 


AMERICAN SOCIETY 
FOR METALS 


7016 Euclid Avenue 
Cleveland, Ohio 
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How Calcium-Silicon 
raises strength and 
ductility of Cast Steel 


HE use of calcium-silicon with reduced amounts of 
y erin instead of aluminum alone for deoxidizing 
cast steel in the ladle eliminates harmful chain-type, 
eutectic sulphide inclusions and thus raises the strength 
and ductility of the steel. The averaged values of a num- 
ber of tests on .36 to .40 carbon steel showed that this 
treatment raised yield strength 7.15 per cent, tensile 
strength 6.49 per cent, elongation 2.52 per cent, and re- 
duction of area 5.82 per cent. 

Ask to have one of our metallurgists call and explain 
more fully how you can improve cast steel with calcium- 
silicon. He can help make your use of this and other 
“Electromet” ferro-alloys more profitable, without obli 
gation. Electro Metallurgical Company, Unit of Union 
Carbide and Carbon Corporation, 30 East 42nd Street, 
New York, N. Y. In Canada: Electro Metallurgical Com- 
pany of Canada, Limited, Welland, Ontario. 





° Harmful chain-type, 
eutectic sulphide in- 
clusions segregated 

2 along grain bounda- 
. ries in cast steel not 
treated with calcium- 
silicon. Magnifica- 
tion—500 diameters. 











Inclusions in cast 
steel treated with 
calcium - silicon 
The inclusions are 
dispersed and the 
steel has improved 
strength and duc- 
tility. Magnification 
, —500 diameters. 
(Both micrographs 
slightly reduced in 








reproduction.) 
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Items of Interest ' 
bout other “Electromeg~* 
Ferro-Alloys 





Vanadium Increases Strength 
and Toughness of Medium-Man- 
ganese Steel Castings — The ave: 


aged values { a seres { tes showed 
that the addition of 0.1 per cent vanadiun 
to a ediun anganese stee! aised the 
yield point fron lk e 
s i i increased the | ti ) 





ion, and reduct 


slightly increased 


Use 3 Per Cent Chromium Steels 
for Wear-Resistant Castings — The 


3 per cent chromium steels are easily 
hardened and relatively inexpensive They 
are particularly suitabie in service 


ng severe abrasion but little or no impact 


Zirconium Improves Machinabil- 
ity of Steel Castings n it 


steel castings retards segregation of impu 
rities at the grain boundaries, eliminates 
hard spots, reduces grain size and produces 
€ 1er j I tee A | 
€ r at Cad ed 
* . = 
If IT « 
the Ele 
i tne € e joes 
vwiln r r bh 
rie é r € K 
Trode- Mork 
Ferro-Alloys & Metals 
The word “Electromet” is a registered trad 
{ Electro Meta rgica mpany 


Omionc 
CARBON CORPORATION 








BO O K S§S 


CARBURIZING 
Written by 16 
men in the metal industry with 


outstanding 


oral and written discussions by 
A collection of 


the papers and discussions pre- 


3 authorities. 


sented during the carburizing 
the National 


symposium at 


Metal Congress in Atlantic City. 
Covers action of solid carburiz- 
ing agents, gaseous media for 
carburizing, selection of hard- 
enabilitvy test for carburizing 
steel, production carburizing, 
commercial carburizing con- 
physical and 


tainers, and 


chemical characteristics of 
carburizing compounds and 
production. 


their handling in 














































































































Wide operating range - just another important 


characteristic of the du 


Pont treating salts - 


whether they are to be used for carburizing, case 
hardening, re-heating, nitrating, coloring, tem- 


pering or drawing. 


Skillfully combined du Pont 


salts are designed to meet modern requirements 
for an economical and easy application. 


100 Pages, 200 Illustrations. 
Cloth Binding, 6x9 ....... $4.00 


MACHINING 
OF METALS 


Five lectures on machin- 
ability delivered at the Detroit 
Metal Congress by the follow- 
Ernst, 


ing authorities: Hans 


Director of Research, Cincin- 
nati Milling Machine and Cin- 
cinnati Grinders, Inec.; Harry 
B. Knowlton, Metallurgist, 
International Harvester Co.; J. 
W. Bolton, Chief Chemist and 
Metallurgist, Lunkenheimer 
Co.; A. H. d@Arcambal and W. 
E. Bancroft, Metallurgists, Pratt 
& Whitney Division, Niles- 
Bement-Pond Co.; and Harry 
P. Croft, Chief 


Chase Brass & Copper Co. Covy- 


Metallurgist, 
ers machining of wrought 
metals, cast alloys, tool steels, 
nonferrous metals and gives an 
unusual insight into the actual 
conditions of machining and 
the influence of various factors 
on machining results. 177 


Pages, 6x9, 132 Illustrations 


Red Cloth Binding....... $2.50 
STAINLESS STEELS 

edited by E. E. Thum 

The second edition of this 


popular book contains chapters 


on design of heat treating 
and heat resisting equipment, 
foundry practise in the high 
chromium-nickel alloys, weld- 
ing of such castings, and ten 
sub-chapters on the properties 


and composition of the ten dif- 





Du Pont’s trained technical and field staff will 
gladly assist you in the selection of the right salt 
for your particular requirements. Just call or 
write our nearest office. 


ferent families of heat and cor- 
rosion resisting castings. All 


users or prospective users of 


Plan to visit the du Pont exhibits at the COLDEN ts . | : te .] : il fi | it 

GATE INTERNATIONAL EXPOSITION in SAN Staintess steeis WI! Ine Its 
FRANCISCO and at the NEW YORK WORLD'S FAIR . . ; . 

pages filled with practical 

E. 1. ou PONT 0& Nemours & Company, INC information. Written by 82 


Chemicals Department 


& H 
Wilmington 


experts, the book contains 813 


Delaowore 





ND The R 


District Sales Offices: Baltimore, Boston, Charlotte, Chicago, Cleveland 
New York, Philadelphia, Pittsburgh, San Francisco 


pages with 292. illustrations. 


Kansas City, Nework 
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LABORATORY SPECIFICATIONS 











maintained in production 











...wWith CENTRALIZED 


FOXBORO PYROMETER CONTROL 


Smooth and close control of temperature in 
ovens and furnaces is accomplished to 
laboratory specifications with Centralized 
Foxboro Pyrometer Control. This system 
regulates the fuel flow to each furnace 
burner system by means of a motor oper- 
ated valve. Control of the air to each pro- 
portioned mixer assures the correct air- 
gas ratio for proper combustion. Recorders 
provide a permanent temperature record of 
each load placed in the baths. Foxboro mul- 
tiple-record Pyrometer Recorder permits 
charting temperature conditions in as many 
as eight ovens or furnaces on one chart, 
with a single recorder. » » » Smooth and 
swift correction of temperature deviations 
demands the knife-edge detection and rapid 
response of Foxboro Potentiometer Pyro- 
meter Controllers. A battery of controllers 





can be driven by a single motor cutting 
down initial cost, space and maintenance 
and still give continuous control of each 
point. Get all the facts on this and the rest 
of the Foxboro Pyrometer line. Put your 
problems up to Foxboro. The Foxboro Co.. 
52 Neponset Ave,, Foxboro, Mass., U.S.A. 
Branch offices in 25 principal cities. 





REG. U.S. PAT. OFF 


RECORDING { CONTROLLING - INDICATING 


m /nstruments 


TEMPERATURE + LIQUID LEVEL 
PRESSURE « FLOW ~- HUMIDITY 
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Send for 


a copy of Bulletin 
2 and learn 
why no other 


Controller offers 
much for so 
little 














Tungsten Powder ... . 97-98% 
Pure Manganese .... 97-99% 


Ferro-Chromium ... , 60% 
Pure Chromium... . . 98-99 % 
Ferro-Tungsten .... . 75-80% 
Ferro-Titanium .... . 25% 


Ferro-Vanadium .... 35-40% 
(1% Silicon) 


Send for Pamphiet No. 202! 


Metal & Thermit Corp. 


Albany * Pittsburgh + Chicago * South San Francisco *« Toronto 


Acté 7 


CHARCOAL 


OF PURE 
COAL TAR 
CARBON 


CHAR PRODUCTS COMPANY 
MERCHANTS BANK BUILDING — INDIANAPOLIS 













Type-10 Heroult Furnace wi 
gantry-type removable roof for 
overhead bucket charging 


l TSE them for efficient melting and refining of all kinds 
/ of ferrous materials by either basic or acid process 
including alloy, tool and forging steels, iron and steel cast- 
ings. Any capacity from '; ton to 100 tons; removable roof, 
chute, machine or hand charging. 


AMERICAN BRIDGE COMPANY 


> eneral Offices: Pittsburgh, Pa 
* \ Offices in the larger cities 
‘ Columbia Steel Co., San Francisco, Pacific Coast Distributors 
United States Steel Products Co., New York, Export Distributors 


UNITED STATES STEEL 


HEPPENSTALL COMPANY 


PITTSBURGH - BRIDGEPORT - DETROIT 
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NMorTION 


—until motion is called for! 


THEN Bristol's Pyromaster Pyrometer leaps to life, charts temperature change 


instantly. This new operating principle is one of several important features 


Ever alert—ever watching—ever ready to go 
into action! If that is how you would describe 
this Bristol's Pyromaster Potentiometer Pyro- 
meter, you would be absolutely right. For the 
instant the temperature changes, that very 
instant the pen leaps to life and charts the 


change. Response is immediate. 


tT 
But all the rest of the time, while the tempera- | ari siPor's 
ture is not changing, Bristol's Pyromaster is | 0 ad 10 
completely at rest. No motion. No wear. Think 
what this means in the way of minimized main- 


tenance and longer life! 


Bulletin No. 507H goes into the further details 
you will be interested in. No obligation in 


writing for a copy. 


MONEY CAN’T BUY THESE 
except in a PYROMASTER 


New operating principle,—no motion until mo- 


tion is called for. Quick response to temperature 


changes. * Simple. Accurate. Portable. Light 
weight. Compact. *% Fewer moving parts. Less 
wear. No need for stocking replacement parts 
w Easier servicing. % Jewelled galvanometer. 
Completely balanced. ®¥ Vibration-proof. 
Round chart models for air or electric control. 





THE BRISTOL COMPANY - WATERBURY - CONNECTICUT 
Branch Offices in Principal Cities WRITE FOR BULLETIN NO. 507H 


HAISTOLS PYROMASTER 


TRADE MARK REG. U.S. PAT. OFF 


RECORDING and CONTROLLING POTENTIOMETER PYROMETER 


BRISTOLS 
PYROMASTER 
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Cinch Steel Cement 


Medium Carbon 
Steel 


Medium Carbon 
Steel 


Get the full value of your high speed 
tool bits by using up short pieces. 


Cementing operation is as simple as 
heat treating any Hi-Speed steel tool. 


Cemented joint as solid as steel itself. 


For assembly of Stellite or High Speed 
Steel inserts and cutting tips on carbon 
steel shanks. 


(Write for Bulletin) 


The Gordon Type 1100 
Portable Electric Furnace 





This unique portable electric furnace 
designed for use at temperatures below 
1100 deg. F. . For use with drawing salts 
and oil tempering baths. 


Furnace only rr eere , .. -$75.00 
Control Rheostat and Thermometer extra 


Exceedingly economical. Power consump- 
tion only 900 watts. 


Size 6% in. inside dia. by 6 in. deep 


Further information on request. 


CLAUD S. GORDON COMPANY 


Cleveland - Chicago - Indianapolis 
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